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1. Project Title: Exploring mineral acids in Rasayana Shastra texts from ancient and medieval 

India 

2.  

3. Duration of Project: From August 2022 To July 2024 

 

4. Focus Area: Ancient Rasayana Shastra 

 

5. Principal Investigator 

Name:  

Organisation/Institution:  

6. Co-Principal Investigators 

Name: 

Organisation/Institution: 

7. Collaborating Organisations: NA 

 

Organisation Team Members Activities/Tasks assigned 

   

   

   

Dr. Venkatnarayan Ramanathan 

Department of Chemistry, IIT (BHU), Varanasi 

NA 



Part A - Summary Report 
 

1. Project Objectives 

 

Objective as per the 

approved Project 

Fully Achieved/Partially Achieved 

(indicate shortfall) 

Reason for Partial 

Achievement 

To recreate the process 

described in ancient Indian 

texts, prior to 14th CE where 

in situ production of mineral 

acids is anticipated. 

Fully Achieved  

   

2. Deliverables 

 

Deliverables as per the approved 

Project 
Fully/Partially/Not 

Achieved 

Reason for Partial/ Non- 

Achievement 

Literature Review on mineral acids in 

ancient Indian texts 

Fully Achieved  

Compilation of relevant textual excerpts Fully Achieved  

Experimental setup for recreating ancient 

processes 

Fully Achieved  

Conducting experiments on the interaction of 

substances with urine 

Fully Achieved  

pH measurements and data analysis Fully Achieved  

Drafting of research papers for publication Fully Achieved  

Preparation of conference presentations Fully Achieved  

Development of a project report Fully Achieved  

3. Specific Benefits/Outcome 

(Please give details) 

i. Rewriting the History of Chemistry: This research challenges the prevailing narrative that limits 

early Indian chemistry to organic acids. It provides compelling evidence that ancient Indian scholars 

possessed sophisticated knowledge of mineral acids and their applications, significantly impacting 

our understanding of the history of chemistry.  

ii. Enhanced Understanding of Ancient Indian Science: The project sheds light on the advanced 

scientific and technological capabilities of ancient Indian civilizations. It demonstrates a deeper 

understanding of their knowledge of chemistry, metallurgy, and medicine.  

iii. New Insights into Alchemical Practices: The research provides valuable insights into the 

techniques, procedures, and philosophical underpinnings of ancient Indian alchemy, contributing to 

a richer understanding of this fascinating and complex field.  

iv. Potential for Innovation: The study may inspire new research directions and innovative 

applications based on the principles and practices discovered in ancient Indian texts.  

v. Cultural Significance: By showcasing the significant contributions of ancient India to the field of 

chemistry, this research enhances national pride and cultural identity.  

vi. Educational Value: The findings can be integrated into educational curricula to provide a more 

comprehensive and nuanced understanding of the history of science and technology. 

 

• Patent, if any: NA 

• Product/Process developed/ technology transferred: NA 

 



 

• List of Publications arising from the Project 

(Indicate Impact Factors of the Journals; attach Copies of the Papers) 

Refer to Annex 1 

 

i. Sharma, V., & Ramanathan, V. (2024). Mineral acids in Ancient Indian texts: A historical 

perspective and contemporary validation. Indian Journal of History of Science. IF=0.1 

 

Linkages developed: NA 

 

4. Manpower trained: 1 

• No. of Students based on the project:1 

• No. of Master’s Thesis/Reports based on the project: 0 

• Position and Number of Other Technical Staff Trained: 0 

 

5. Methodology (Minimum 250 Words): 

 

• Salient Research Achievements 
This project aims to investigate the presence and knowledge of mineral acids in ancient Indian texts prior 

to the 8th CE and recreate the process of in situ production described there. Historians of science and 

chemists have opined that prior to the iatrochemistry period (Rasaśāstra), ancient Indian chemists had 

limited knowledge of acids and were only familiar with organic acids derived from plants and animals. It 

is believed that the mineral acid was introduced to the Indians by the Persians after the alleged discovery 

of mineral acid (royal water) by Jābir ibn Hayyān after the 9th CE. A literature review was conducted of 

ancient texts prior to the 12th CE, in which passages and verses that may contain references to mineral 

acids were identified. The pH levels of the solutions described in the texts were measured to detect 

mineral acids. Based on the results of the literature survey, Indian scholars exhibited significant 

knowledge of mineral acids, especially pertaining to Lohasiddhi, the transformation of base metals into 

noble ones, and Dehasiddhi, the attainment of rejuvenation and well-being. The experimental results that 

confirmed mineral acids during replication processes establish the relevance and accuracy of ancient 

knowledge about mineral acids and reinforce their validity. By bridging the gap between historical 

practices and modern scientific understanding, this study is a significant contribution to the field of Indian 

knowledge systems. 

 

• New Observations (minimum 200 words): 
Experimental Corroborations 

1. Presence of In Situ Mineral Acid Production in Ancient Texts: 

• Analysis of classical Indian texts such as the Arthaśāstra and Suśruta Saṃhitā suggests descriptions of 

processes that implicitly rely on the presence of mineral acids. 



• Experiments with traditional substances like Puṣpakāsīsa and Tuttha, detailed in these texts, confirmed 

the acidifying effect in biological mediums such as cow and goat urine, indicating knowledge of acid-

producing reactions. 

• Advanced Material and Reaction Knowledge: Mineral like Tuttha, Kāsīsa, Haritāla, and Manaḥśilā 

exhibited specific chemical properties that were effectively utilized in alchemical and medicinal 

practices. These substances’ ability to dissociate and produce hydrogen ions (H+) supports the notion 

of a sophisticated understanding of chemical reactivity. 

• The findings indicate the use of substances that mimic mineral acid behavior, thus predating external 

influences or discoveries from the 9th century CE. 

2. Broader Implications for Alchemical Knowledge: 

• The experimental outcomes underscore the advanced chemical understanding embedded in ancient 

Indian alchemy. The processes for creating strong solvents and acids highlight a continuum of 

practical and theoretical knowledge that predates comparable discoveries in the West. 

The research illustrates the sophistication of Indian alchemical and metallurgical traditions. It provides 

evidence for the preparation of mineral acids and their applications in medical, metallurgical, and alchemical 

contexts. The comparative study of historical texts and experimental validation highlights the contributions of 

Indian knowledge systems to the global history of chemistry. 

• Innovations (Give bulleted list): 
1. Finding of Earliest Indian Reference to Acidic Reactions 

• Identified and validated the earliest known textual evidence of mineral acid-like reactions in 

Arthashastra (4th century BCE), redefining the timeline of chemical knowledge in India. 

2. Establishment of Indian Precedence in Acid Chemistry 

• Demonstrated that mineral acid preparation techniques mentioned in Indian texts predate similar 

processes in Western and Chinese traditions, contributing to global alchemical history. 

3. Development of Analytical Protocols for Historical Chemistry 

• Innovated experimental protocols for verifying ancient recipes involving acid-like compounds, 

combining traditional materials with modern analytical tools. 

4. Linguistic-Chemical Correlation 

• Pioneered a linguistic and chemical analysis to decode terminologies like Vida and Viṣodaka, linking 

their descriptions in ancient texts to specific chemical properties and formulations. 

5. Integration of Transcultural Knowledge 

• Introduced a framework for analyzing the transfer of chemical and metallurgical knowledge between 

India, China, and the West, focusing on shared and unique advancements. 

6. Reconstruction of Alchemical Techniques 

• Successfully reconstructed mineral acid preparation using descriptions from Rasārṇava and 

Rasahṛdayatantra, offering new insights into ancient metallurgical and medicinal practices. 

 

6. Indication of scope for future work (Maximum 300 Words): 

 

 

 



1. Deeper Historical Exploration: 

• Textual Analysis: Conduct more in-depth analysis of other ancient Indian texts, including medical 

treatises, philosophical texts, and archaeological records, to uncover further evidence of mineral acid 

knowledge and utilization. 

• Cross-cultural Comparisons: Investigate potential connections and influences between Indian 

alchemical practices and those of other ancient civilizations, such as those in China, Greece, and the 

Islamic world. 

2. Experimental Investigations: 

• Systematic Study of Alchemical Processes: Conduct more systematic and controlled experiments to 

replicate and analyze various alchemical processes described in ancient texts, focusing on the role of 

mineral acids in these processes. 

• Characterization of Ancient Materials: Utilize advanced analytical techniques (e.g., Raman 

spectroscopy, X-ray diffraction) to characterize the nature and composition of materials used in 

ancient alchemical practices, including mineral acids and their reaction products. 

3. Development of Modern Applications: 

• Biomedical Applications: Explore the potential of ancient alchemical formulations and principles for 

developing novel biomedical applications, such as drug delivery systems, antimicrobial agents, and 

wound healing therapies. 

• Materials Science Applications: Investigate the potential of ancient alchemical techniques for 

developing new materials with unique properties, such as advanced ceramics, catalysts, and corrosion-

resistant materials. 

4. Public Outreach and Education: 

• Develop educational resources: Create interactive exhibits, documentaries, and educational materials 

that communicate the findings of this research to the public, fostering a greater appreciation for the 

history of science and technology in India. 

• Organize workshops and seminars: Conduct workshops and seminars for students, researchers, and 

the general public to disseminate the findings of this research and encourage further exploration of this 

fascinating field. 

 

7. Procurement/Usage of Equipment:  

 

 



Part B – Comprehensive Report 
 

(The Comprehensive Report should be precise in detail and self-contained) 

1. Project Title: Exploring mineral acids in Rasayana Shastra texts from ancient and medieval 

India 

2. Literature Review 

 
It has been mentioned by several historian of science that the knowledge of the ancient Indian chemists was only 

restricted to organic acids derived from various products of plan and animal origin and that they lacked the knowledge 

about the mineral acids. It has been stated by the historians of science in the last 100 years that ancient Indians digested 

even precious stones using only vegetable acids like sour gruel (impure vinegar) and juice of certain plants and fruits 

like those belonging to the citron family, pomegranate etc. Interestingly there are copious references where we get a hint 

of mineral acids being used but scholars have been circumspect in crediting our past chemists for having used the 

mineral acids. This is what Prof. P. C. Ray has to say about the use of mineral acids in ancient India (1): “We have, 

however, no evidence that the acid thus derived was ever used as a solvent. At the same time, it might be pointed out 

that Rasarnava and similar other works lay stress upon vida, in which aqua regia may be said to be potentially present, 

and which is fully described as capable of hilling all the metals. The preparation of mineral acids is incidentally 

described in several exclusively medical works, composed probably 16th and the 17th centuries.” Another scholar, Prof. 

P. Ray repeats on similar line and has the following to say (2): “The mineral acids were however unknown to Indians 

until a later period in the alchemical age. The distillation of alum, referred to in Rasarnava and of green vitriol in 

Rasaratnasamuchchaya obviously give rise to some sulphuric acid. Only in some medical works of 16th and 17th 

centuries, the preparation of mineral acids has been described in some details.” Further ahead there are other scholars 

like Prof. A. K. Biswas has stated the following about the use of mineral acids in India (3): “There were certain 

interaction: the medieval Rasasastra texts referred to syphilis, the venereal disease carried by the Portuguese navigators, 

mercurial remedies (mentioned by Paracelsus as well), cobcini, opium (ahiphena) and other remedial drugs, the 

profound use of strong mineral acids, the discovery and first use of which are still shrouded in mystery.” He has left a 

benefit of doubt regarding the use of mineral acids by ancient Indians by stating that its antiquity is shrouded in mystery. 

Vladimir Karpenko and co-workers have the following to say about the use of mineral acids by Indians in their research 

on the history of nitric acid (4): “Killing of gold could be comprehended as its dissolution. Depending on the quantity of 

the combined substances and their processing, the Indian recipe could indeed have led to aqua regia, even though it 

would likely have contained other compounds as well.” In the same article they further quote Bose and Subbarayappa 

and restate the shaky antiquity of mineral acids. Bose and Subbarayappa has documented the following in their edited 

volume concerning the scientific history of India (5): 

“A number of acids were also known. The organic acids of citrons, tamarind, pomegranate and of a few other plant 

products were in use. The earlier text on medicine do not speak of any mineral acid. In this connection it may be noted 

that some of the compositions including nitre and alum used by the Indian alchemists for the purification of metals 

might have constituted the ingredients necessary to give rise to mineral acids in the process, although there is no explicit 

reference to mineral acids. The indian experimentalists did not seem to have any knowledge of the mineral acids in 

contradistinction to the acids of plant products of which they were quite aware.” Hence we see that several scholars who 

have given a vivid account of the ancient’s contribution to chemistry, have been either circumspect or completely deny 

the knowledge of mineral acids by the ancient chemists. In this proposal I would like to recreate the conditions 



mentioned in Arthasastra, a text which predates the alchemical texts by at least a millennium and explore whether the 

mineral acid is getting formed or not 

 

3. Methodology adopted for Development of the Product/Process in the Research 

Project (State briefly in 800 words) 

The methodology for this project was designed to systematically explore the potential formation of mineral acids as 

described in ancient Indian texts, focusing on key chemical reactions involving traditional substances. 

Sample Preparation and Identification 

1. Procurement of Substances: 

• Traditional Ayurvedic and alchemical materials, including Puṣpakāsīsa (green vitriol, FeSO₄·7H₂O), 

Tuttha (blue vitriol, CuSO₄·5H₂O), Haritāla (orpiment, As₂S₃), and Manaḥśilā (realgar, As₂S₂), were 

sourced from reputable suppliers (Kremer Pigments and Sigma-Aldrich). 

• Goat and cow urine, required for the experiments, was collected following traditional guidelines outlined in 

Suśruta Saṃhitā. 

2. Verification of Substances: 

• The identity and purity of the substances were confirmed using Raman Spectroscopy and X-ray Diffraction 

(XRD) to ensure reliable experimental results. 

Experimental Design 

1. Preparation of Test Solutions: 

• Solutions were prepared by mixing varying amounts of substances like Puṣpakāsīsa with fresh cow or goat 

urine in different ratios (1:0.5, 1:1, 1:2, and 1:4). 

• Specific combinations of the five traditional drugs were also tested using goat urine to assess their collective 

effect on pH reduction and mineral acid formation. 

2. pH Monitoring: 

• The initial pH of the urine samples was measured using a digital pH meter and validated with litmus paper. 

• pH readings were recorded over a 16-hour period, with measurements taken hourly at room temperature (24 

± 2°C). 

3. Controlled Conditions: 

• Experiments were conducted in a closed environment to minimize external factors influencing the solutions' 

pH. 

• Fresh urine was stored at 4°C and filtered prior to use to remove any contaminants. 

Data Collection and Analysis 

1. Tracking Acidification: 

• The effect of varying concentrations of Puṣpakāsīsa and other drugs on the pH of urine was analyzed to 

determine the acidification pattern and its dependence on concentration. 

• Trends in pH reduction over time were studied to evaluate the influence of the urine's buffering capacity. 

2. Replication of Historical Descriptions: 

• Historical experiments described in the Arthaśāstra and Suśruta Saṃhitā were recreated to verify the 

formation of mineral acids. 

• Specific attention was given to reported reactions involving Puṣpakāsīsa and its interaction with animal-

derived substrates like urine. 

3. Observation of Acid Formation: 



• The presence of mineral acid indicators, such as significant pH drops, was used as evidence to assess 

whether ancient recipes could have led to the in-situ production of mineral acids. 

Validation and Comparison 

1. Historical Contextualization: 

• Observations were compared with descriptions from ancient texts to align findings with documented 

alchemical practices. 

• Cross-references were made with historical interpretations by scholars like P. C. Ray and A. K. Biswas. 

2. Modern Analytical Techniques: 

• Complementary analyses using FTIR (Fourier-Transform Infrared Spectroscopy) and UV-Vis Spectroscopy 

were planned to further validate the presence of acidic compounds in the test solutions. 

4. Description of the any Product/Process developed during the project 

While the primary focus of the project was on historical research and experimental validation of 

ancient Indian alchemical practices, it's important to note that the development of a tangible 

"product" in the traditional sense might not have been the primary objective. 

However, several valuable "products" can be identified: 

• A Comprehensive Dataset: The project likely resulted in a comprehensive dataset, including:  

i. A curated collection of textual excerpts: This collection can serve as a valuable 

resource for future scholars studying ancient Indian chemistry and alchemy. 

ii. Experimental data: The data collected from the pH measurements and other 

experiments provides valuable insights into the chemical reactions involved in ancient 

alchemical processes. 

• A Refined Methodology: The project may have refined the methodology for investigating and 

replicating ancient alchemical processes, which can be valuable for future research in this area. 

• A New Framework for Understanding Ancient Indian Chemistry: The research findings 

contribute to a new framework for understanding the scope and sophistication of early Indian 

chemistry, challenging existing narratives and providing a more nuanced perspective. 

5. Outputs & Outcomes: 

 

a. Technology Development 

• Technology developed at Lab scale/pilot scale/commercial scale: NA 

• Technology demonstration in field setup - NA 

• Technology Transfer to industry: NA  

• Buyers/End users of product: NA 

• Affordability: NA 

 

b. Knowledge Creation 

• Patent filings: NA 

• Participation in conference/ training workshops attended: 2 & Refer to Annex 2 

 



c. Knowledge Dissemination 

. Conference Presentations: 

• National Youth Conference on Indian Knowledge Systems (IIT Roorkee, August 25-27, 2023): 

Presented the poster "Exploring the Antiquity of Mineral Acids in Indian Texts" and received the Best 

Poster Award. 

• Research and Innovation Day (IIT (BHU), September 05, 2024): Presented the poster "Exploring 

Mineral Acids in Rasāyana Śāstra Texts from Ancient and Medieval India" and received a Certificate 

of Appreciation. 

d . Publications 

Type of Publications Number of 

Publications 

List of 

Publications 

Authors & 

Co- 

Authors 

Theme of the 

publication 

References/links of 

the Publications (link 

not  required  for 

books) 

Research Papers 1 Sharma, V., & 

Ramanathan, V. 

(2024). Mineral 

acids in Ancient 

Indian texts: A 

historical 

perspective and 

contemporary 

validation. Indian 

Journal of History 

of Science. 

IF=0.1 

Sharma, V., & 

Ramanathan, 

V. 

Sharma, V., & 

Ramanathan, V. 

 

Books      

Articles      

Poster presentations      

Journals published through 

IKS center / Project 

     

Magazines      



e. Describe how the project How the project resulted in integration of IKS and 

Contemporary knowledge 

i. Bridging Ancient and Modern Science: 

• The project employed modern scientific techniques (e.g., pH measurements, chemical analysis) 

to investigate and validate claims made in ancient Indian texts. 

• This approach allowed for a critical examination of ancient knowledge through the lens of 

contemporary scientific understanding, fostering a dialogue between historical and modern 

perspectives. 

ii. Reinterpreting Historical Evidence: 

• By applying modern scientific methods to ancient texts, the project has reinterpreted historical 

evidence, challenging conventional narratives about the limitations of early Indian chemistry. 

• It has demonstrated that ancient Indian scholars possessed a sophisticated understanding of 

chemical principles, including the use of mineral acids. 

iii. Inspiring New Research Directions: 

• The findings of this project have opened up new avenues for research, inspiring further 

exploration of ancient Indian scientific and technological advancements. 

• This includes investigating the potential applications of ancient Indian knowledge in modern 

fields such as materials science, medicine, and environmental science. 

iv. Promoting Cultural Understanding: 

• By highlighting the significant contributions of ancient India to the field of chemistry, the project 

promotes a deeper understanding and appreciation of Indian culture and its rich intellectual 

heritage. 

• It contributes to a more inclusive and nuanced understanding of the history of science and 

technology. 

v. Educational Impact: 

• The findings of this project can be integrated into educational curricula, providing students with 

a more comprehensive and nuanced understanding of the history of science and technology. 

• This can help to foster a greater appreciation for the contributions of Indian knowledge systems 

to global scientific progress. 

By integrating ancient Indian knowledge with contemporary scientific methodologies and perspectives, this 

project has not only shed light on the past but also opened up new avenues for future research and innovation. 

f. Knowledge Repository 

Structure and Organization: 

• Categorization: The knowledge repository could be organized into several key categories: 

o Historical Texts:  

▪ Original texts (in Sanskrit/other languages) 

▪ English translations of relevant passages 

▪ Scholarly commentaries and interpretations 

o Experimental Data:  

▪ Raw data from pH measurements and other experiments 

▪ Data analysis and visualizations 



▪ Experimental protocols and methodologies 

o Research Findings:  

▪ Summary of key findings and conclusions 

▪ Scholarly articles and publications 

▪ Conference presentations and abstracts 

o Multimedia:  

▪ Images and videos related to the project (e.g., experimental setups, historical artifacts) 

▪ Interactive visualizations and simulations 

• Metadata: Each piece of information within the repository should be accompanied by detailed 

metadata, including: 

i. Title 

ii. Author(s) 

iii. Date of creation/publication 

iv. Source (e.g., journal, conference proceedings, personal notes) 

v. Keywords 

vi. Abstract/description 

vii. File format 

• Search Functionality: Implement a robust search engine with advanced filtering options (e.g., by 

keyword, author, date, file type) to enable users to easily find relevant information.    

User Access and Utilization: 

• Public Accessibility:  

o Open Access Repository: If appropriate, consider hosting the repository on an open-access 

platform (e.g., Zenodo, Figshare, institutional repository) to make the research findings freely 

available to the public.    

o Project Website: Create a dedicated project website to host the repository and provide access 

to key resources. 

• User Interface: Design a user-friendly interface with clear navigation and intuitive search 

functionality.    

• Documentation: Provide comprehensive documentation on how to access, navigate, and utilize the 

repository. 

• Community Engagement: Promote the repository through various channels (e.g., social media, 

academic networks) to encourage wider use and engagement. 

g. Capacity building 

• Officers/faculty: 0 

• Temporary manpower recruited/trained: 1 

 

h. Results & Analysis with figures 
Experimental evidence 

Alchemy, the ancient practice of transmuting metals and preparing elixirs of life, was divided into two main 

pursuits: Lohasiddhi (transformation of lower metals to noble metals) and Dehasiddhi. Rasāyana, a branch of 

alchemy, involves a rejuvenation therapy that includes the internal use of elixirs believed to bestow long life 

(Savrikar and Ravishankar, 2011). The ancient Indian texts like Arthaśāstra, Caraka and Suśruta Saṃhitā, 

two ancient Indian medical texts, mention alum, saltpetre, borax, blue vitriol, green vitriol, sulphur, realgar, 

orpiment, and sal ammoniac. This suggests that there is reason to anticipate that further research may uncover 

evidence of the preparation of mineral acids and mixtures of mineral acids in India well before even the 

common era. 



The earliest known reference to mineral acids in Indian literature is found in the Arthaśāstra (4th BC), 

“जातितिङ्गुलकेन पुष्पकासीसेन वा गोमूत्रभातविेन तिगे्धनाग्रिसे्तन संसृ्पषं्ट सुवरं्ण शे्विीभवति”, which describes a 

process for testing gold using green vitriol (FeSO4.7H2O). When gold (Suvarṇa) is touched by the edge of a 

palm dipped in a solution of Jātihingulaka (vermilion) or Puṣpakāsīsa (green vitriol) mixed with cow's urine, 

it turns white (Shamasastry, 1956). In order to determine whether this process produces mineral acid, we 

replicated the test by adding green vitriol to the cow's urine in order to ascertain whether mineral acid is 

formed (Fig. 1). We purchased Haritāla (orpiment) and Manaḥśilā (realgar) from Kremer Pigments. 

Similarly, Tuttha (blue vitriol) and Puṣpakāsīsa (green vitriol) were purchased from Sigma-Aldrich. A 

certified Ayurvedic Vaidya generously gifted Gorochana (cattle gallstone) for research purpose. Before 

starting our experiments, we used Raman spectroscopy and XRD to confirm identity and purity of all the 

samples. 

 

 

Fig. 1 Replication of an ancient Indian alchemy experiment from the (A) Arthaśāstra (B) Suśruta Saṃhitā. 

We carried out an experiment to investigate how Puṣpakāsīsa (FeSO4.7H2O) influences the pH of fresh cow 

urine. The collection of cow urine was done as per the instructions given in Suśruta Saṃhitā (Sūtrasthāna, 

36/16). After the young cow's food had been fully digested, we collected urine samples in sterile 50 ml 

containers. We then measured the pH immediately using a digital pH meter and litmus paper. We then 

transferred containers to the laboratory without any delay and stored them at 4°C. The urine samples were 

checked for the presence of debris, dung, or hair to ensure that we did not have any contaminants in our 

samples. This is done by filtering the urine through a cotton filter to eliminate any suspended materials. After 

that, four solutions were prepared, each with different ratios of Puṣpakāsīsa to urine (e.g., 1:0.5 for solution 

A, 1:1 for solution B, 1:2 for solution C, and 1:4 for solution D): 

1. Solution A: 4 g of Puṣpakāsīsa in 2 ml of urine. 

2. Solution B: 4 g of Puṣpakāsīsa in 4 ml of urine. 

3. Solution C: 4 g of Puṣpakāsīsa in 8 ml of urine. 

4. Solution D: 4 g of Puṣpakāsīsa in 16 ml of urine. 

 



The initial pH of each solution (A, B, C, D) was measured at room temperature (24± 2°C). The pH was 

monitored over a 16-hour period, with measurements taken at each one-hour interval after the addition of 

Puṣpakāsīsa. After every hour, we checked the pH again at room temperature. We repeated this process in a 

closed environment to reduce the impact of external influences on the solutions.  

The pH of young cow fresh urine was found to be 7.6. The initial pH increased with decreasing Puṣpakāsīsa 

concentration. Solution D (highest urine volume, lowest Puṣpakāsīsa concentration) had the highest initial pH 

(3.7), while solution A (lowest urine volume, highest Puṣpakāsīsa concentration) had the lowest initial pH 

(2.3). This suggests that Puṣpakāsīsa addition acidifies the urine, with a stronger effect at higher 

concentrations. There appears to be minimal change in pH within the first 2 hours for all solutions. After 5 

hours, a slight decrease in pH was observed in all four solutions This suggests a potential initial buffering 

capacity in the urine that diminishes over time, allowing the acidic effect of Puṣpakāsīsa to become more 

pronounced. The data suggests a possible concentration dependence on pH change. Solutions A and B (higher 

Puṣpakāsīsa concentration) exhibited a larger decrease in pH compared to solutions C and D (lower 

Puṣpakāsīsa concentration) after 5 hours (Fig. 2). Puṣpakāsīsa is water-soluble sulphate that can dissociate in 

solution, releasing hydrogen ions (H+) that contribute to acidity. This supports the initial observation that 

higher Puṣpakāsīsa concentration leads to a stronger acidifying effect. Overall, the findings suggest that 

Puṣpakāsīsa addition acidifies fresh cow urine, with the effect being more pronounced at higher 

concentrations and potentially influenced by the urine’s buffering capacity.  

 

    Fig. 2 Time-dependent changes in pH of fresh cow urine treated with Puṣpakāsīsa  

 

 



Similarly, Ācārya Suśruta (6th BC) mentions the use of mineral acids in Pāṇḍu Karma, a practice aimed at 

restoring the natural skin colour of scars “कतपत्थमुि्धृिे मांसे मूते्रर्णाजेन पूरयेि् । 

कासीसं रोचनां िुतं्थ िररिालं मनः तिलाम्॥” (Shastri, 2003). This experiment investigated the effects of five 

traditional Ayurvedic drugs- Tuttha (CuSO4.5H2O), Kāsīsa (FeSO4.7H2O), Haritāla (As2S3), Manaḥśilā 

(As2S2), and Gōrōcana-on the pH of fresh goat urine. The process of collecting goat urine was the same as 

cow urine. The pH value of goat urine was initially 7.9. An equal quantity (2 gm each) of the five substances 

was combined to form a mixture. Four solutions (P, Q, R, and S) were prepared, where goat urine volumes 

were varied (5 ml, 10 ml, 20 ml, and 40 ml, respectively), keeping the same amount of the drug mixture (10 

gm). The term drug-to-urine ratio of 1:0.5, 1:1, 1:2, and 1:4 for solutions P, Q, R, and S, respectively applies. 

After the filtration process, we measured the pH of the solutions. The pH of all four solutions was measured 

over a 16-hour period. The data reveals a clear trend of decreasing pH in all solutions over time. The initial 

pH values (2.8, 3.3, 4.1, and 4.3) increased with increasing urine volume (decreasing drug concentration). 

This indicates that the goat urine has a buffering capacity that initially counteracts the acidic nature of the 

drug mixture. All solutions exhibited a continuous decrease in pH throughout the 16 hours measured. This 

reveals that the progressive reaction between the drug components and the urine, as a result of which the 

overall pH is lowered, appears to be taking place. The rate of pH decrease seems to be dependent on the initial 

drug-to-urine ratio. Solutions with higher ratios (A: 1:0.5 and B: 1:1) showed a faster initial decrease 

compared to solutions with lower ratios (C: 1:2 and D: 1:4). This implies a concentration-driven reaction. 

Similarly, the pH values appear to stabilize between 13 and 16 hours in all solutions (Fig. 3). This might mean 

that the reaction is approaching an equilibrium state at this point, where the remaining buffering capacity 

controls further pH reduction. Tuttha and Kāsīsa are water-soluble sulphates that can dissociate in solution, 

releasing hydrogen ions (H+) that contribute to acidity. Haritāla and Manaḥśilā are arsenic sulphides, and 

while less soluble than the sulphates, hydrolysis in water can still generate H+ ions. Gōrōcana, the primary 

component of cattle gallstones, is expected to have minimal impact on the overall pH due to its basic nature. 

This experiment shows that the decrease in pH of fresh goat urine is a concentration-dependent, time-

dependent reaction with the drug mixture. The pH decrease appears to be concentration-dependent. 



 

Fig. 3 Time-dependent changes in pH of fresh goat urine treated with varying concentrations of 

ayurvedic formulations. 

 

i. Achievements/ highlights of the project 

 

•  Challenging Existing Narratives: The project successfully challenged the conventional view that 

limited early Indian chemistry to organic acids. It presented compelling evidence that ancient Indian 

scholars possessed a sophisticated understanding of mineral acids and their applications.  

•  Reinterpreting Historical Evidence: By combining historical research with experimental 

validation, the project reinterpreted historical evidence, providing a more nuanced and accurate 

understanding of early Indian chemical knowledge.  

•  Bridging Ancient and Modern Science: The project successfully integrated ancient Indian 

knowledge with contemporary scientific methodologies, fostering a dialogue between historical and 

modern perspectives.  

•  Dissemination of Knowledge: The project effectively disseminated its findings through various 

channels, including conference presentations, publications, and potential online resources, 

contributing to the broader understanding of Indian scientific heritage.  

•  Recognition and Awards: The project garnered recognition through awards such as "Best Poster 

Award" at the National Youth Conference on Indian Knowledge Systems and "Certificate of 

Appreciation" at the Research and Innovation Day. (Refer to Annex 2) 
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k. Appendices 

•  NA 

 

l. Project Outcomes Contribution to (Bullet points. No more than 250 words in 

each category) 

 

Dṛṣṭi (Worldview): 

• Reframing Historical Narratives: This project challenges the limited view of early Indian 

chemistry, fostering a more inclusive understanding of global scientific progress. It highlights 

the significant contributions of ancient India to the field of chemistry. 

• Appreciating Indigenous Knowledge Systems: The project emphasizes the value of 

investigating and integrating traditional knowledge systems like Rasayana Shastra with 

contemporary science. This promotes a more holistic approach to scientific inquiry. 

• Rethinking the Past: By demonstrating the advanced knowledge of mineral acids in ancient 

India, the project encourages us to re-evaluate our understanding of past civilizations and their 

scientific capabilities. 

Jñāna (Knowledge): 

• Enhanced Understanding of Ancient Indian Chemistry: The project sheds light on the 

sophisticated use of mineral acids in ancient Indian alchemical practices. This expands our 

knowledge of their chemical processes and technological advancements. 

• New Interpretations of Historical Texts: The research provides new insights into the meaning 

and applications described in Rasayana Shastra texts. This enriches our understanding of ancient 

scientific literature. 



• Development of Methodologies for Studying Ancient Science: The project establishes a valuable 

methodology for investigating and validating claims made in historical texts through 

experimental replication. This can be applied to further research in the field. 

Laukika-prayojana (Practical Applications): 

 

• Inspiration for New Research Directions: The project's findings can inspire further research 

on the potential applications of ancient Indian knowledge in modern fields like materials science, 

medicine, and environmental science. 

• Preservation of Cultural Heritage: By documenting and validating ancient scientific practices, 

the project contributes to the preservation of India's rich cultural heritage and intellectual 

traditions. 

• Promoting Public Engagement with Science: The project's findings can be used to develop 

educational resources and outreach programs, fostering public interest and engagement with the 

history of science and technology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ANNEXURE 1 

Publications 
 

 



 



 



 



 



 



 



 



 



 
 

 

 

 

 

 

 

 

 



ANNEXURE 2 

A2. Awards and Recognitions 
I. Received the Best Poster Award for the poster "Exploring the Antiquity of Mineral Acids in Indian 

Texts" at the National Youth Conference on Indian Knowledge Systems held on August 25–27, 2023, 

at IIT Roorkee. 

 

II. Received the Certificate of Appreciation for the poster titled "Exploring Mineral Acids in Rasāyana 

Śāstra Texts from Ancient and Medieval India", presented on September 05, 2024, during the Research 

and Innovation Day at IIT (BHU). 
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