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Abstract

The evolution of chemical sciences in India reflects a layered historical trajectory spanning
indigenous metallurgical traditions, colonial laboratory institutionalization, post-independence state-led
expansion, and contemporary funding diversification. This study examines the structural transformation
of Indian chemical research from artisanal Rasashastra practices to modern national laboratories such as
CSIR-NCL and I1IT-based research centers. It analyzes the contributions of pioneering chemists
including Prafulla Chandra Ray, Shanti Swarup Bhatnagar, C. N. R. Rao, and Indian-origin Nobel
laureates in chemistry, situating their achievements within broader institutional and funding ecosystems.
Drawing upon historical sources, science policy documents, and comparative R&D expenditure data, the
article argues that while India has established a robust laboratory network and achieved global
competitiveness in pharmaceuticals, catalysis, and materials science, structural constraints—particularly
low R&D intensity (approximately 0.7% of GDP), uneven infrastructure distribution, and limited high-
risk funding—have influenced the probability of Nobel-level breakthroughs. Comparative analysis with
innovation-driven economies highlights the relationship between sustained funding density,
interdisciplinary clustering, and transformative scientific recognition. The study concludes that India
possesses strong intellectual capacity and institutional foundations but requires structural reforms in
research funding, investigator autonomy, infrastructure expansion, and global collaboration to transition
from incremental innovation to paradigm-shifting chemical discoveries.
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1. Historical Foundations of Chemical Sciences in India: From Indigenous Traditions to Colonial
Scientific Institutions

The history of chemical sciences in India reflects a long and complex intellectual trajectory that
predates modern laboratory science. Contrary to earlier colonial assumptions that scientific rationality
emerged exclusively through European intervention, contemporary historiography demonstrates that pre-
modern India possessed sophisticated knowledge systems related to metallurgy, mineral processing,
pharmacology, and alchemical experimentation (Needham, 1980). The transition from artisanal chemical
knowledge to institutionalized laboratory science was neither abrupt nor externally imposed; rather, it
emerged through layered interactions between indigenous traditions and colonial scientific structures.
One of the earliest structured traditions of chemical thought in India was Rasashastra, a branch of
Ayurveda concerned with metallurgical and mineral-based therapeutics. Textual sources such as the
Rasaratnakara and later commentaries describe processes involving distillation, sublimation, calcination,
amalgamation, and alloy preparation (Ray, 1902). These procedures reveal empirical experimentation
and procedural precision. The production of zinc through distillation furnaces at Zawar in Rajasthan,
dating from the twelfth to sixteenth centuries, demonstrates controlled thermal chemistry well before
similar European industrial processes became standardized (Craddock, 1995). Likewise, the
manufacturing of high-carbon Wootz steel illustrates advanced metallurgical control over carbon
infusion and crystalline structure (Srinivasan & Griffiths, 2003). In addition to metallurgy, pre-colonial
India developed significant expertise in dye extraction, saltpeter production, and mineral purification.
Saltpeter, a key oxidizing agent in gunpowder, was produced extensively during the Mughal period,
reflecting applied chemical knowledge in military technology (Habib, 1999). These traditions, however,
were embedded within artisanal guilds and medicinal frameworks rather than institutional laboratories.
Knowledge transmission remained largely craft-based, orally transmitted, and localized.

Acharya Nagarjuna: Father of Ancient Indian Chemistry

Any comprehensive study of chemical sciences “through the ages in India” must acknowledge
the seminal contributions of Acharya Nagarjuna, often regarded as the Father of Ancient Indian
Chemistry. Though the historical dating of Nagarjuna remains debated—scholars situate him between
the 2nd and 10th centuries CE depending on textual interpretation—his contributions to alchemical and
metallurgical knowledge are foundational in the Rasashastra tradition (Ray, 1902). Nagarjuna is
traditionally associated with key Sanskrit texts such as the Rasaratnakara, which systematized
knowledge relating to metals, minerals, and mercury-based preparations. These texts describe
sophisticated chemical processes including distillation, sublimation, calcination, liquefaction, oxidation,
and alloy formation. Such procedures demonstrate not only empirical experimentation but also
systematic documentation, suggesting an organized proto-chemical methodology (Filliozat, 1964).
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One of Nagarjuna’s major contributions lies in the classification and purification of metals and
minerals for medicinal and metallurgical use. The Rasashastra tradition emphasized processes such as
shodhana (purification) and marana (calcination), techniques that parallel modern chemical concepts of
refinement and controlled heating reactions. His work particularly focused on mercury (rasa) and its
transformation into therapeutic compounds. While embedded within Ayurvedic philosophy, these
experiments reflect early laboratory-like procedures involving controlled environments and material
manipulation. Historians of science argue that Nagarjuna’s significance extends beyond technical
processes. He represents a conceptual shift in ancient Indian knowledge systems toward systematic
experimentation rather than purely scriptural authority (Ray, 1902). The metallurgical achievements of
ancient India—including zinc distillation at Zawar and high-carbon steel production—suggest a broader
chemical culture within which Nagarjuna operated (Craddock, 1995). Though direct laboratory
continuity cannot be empirically established, textual and archaeological evidence indicates that India
possessed a vibrant chemical tradition century before European alchemical transformations. Acharya
Nagarjuna occupies a foundational position in the longue durée history of Indian chemical sciences. His
documented metallurgical and alchemical experiments demonstrate procedural rigor, empirical
orientation, and conceptual sophistication. While ancient chemical practice differed structurally from
modern laboratory science, Nagarjuna’s contributions represent an early chapter in India’s continuous
engagement with material transformation—an intellectual lineage that eventually evolved into
institutional laboratories and contemporary chemical research.

Picture -1.1
Zawar Zinc Distillation Furnace

The colonial period introduced a transformative shift in the organization of scientific knowledge.
Beginning in the nineteenth century, the British established institutional laboratories aimed primarily at
resource extraction and administrative efficiency. Institutions such as the Geological Survey of India
(established in 1851) and agricultural research stations introduced systematic mineral analysis and soil
chemistry practices (Arnold, 2000). While the colonial state’s motivations were extractive and
commercial, these laboratories inadvertently created structured spaces for chemical experimentation and
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formal training. The Indian Association for the Cultivation of Science (founded in 1876) marked a
significant turning point in the democratization of laboratory science. Unlike purely colonial
administrative laboratories, this institution aimed to promote scientific research among Indians
themselves (Kumar, 1995). It provided infrastructure for experimental chemistry and physics and
became an early site of scientific self-assertion. The emergence of chemical laboratories in Presidency
Colleges across Calcutta, Madras, and Bombay further institutionalized experimental instruction.

Acharya Prafulla Chandra Ray played a central role in bridging indigenous intellectual history
with modern laboratory science. Trained in Edinburgh yet deeply invested in Indian intellectual revival,
Ray not only conducted research in inorganic chemistry but also documented the historical foundations
of Indian chemical knowledge in his History of Hindu Chemistry (Ray, 1902). His work challenged
colonial narratives that denied India a scientific past. More importantly, Ray founded Bengal Chemicals
and Pharmaceuticals in 1901, establishing one of India’s earliest indigenous chemical industries. This
synthesis of laboratory research, historical scholarship, and industrial entrepreneurship exemplified the
nationalist appropriation of chemical science. The late colonial period witnessed the increasing linkage
between science and nationalism. Indian scientists began to view laboratory research not merely as
technical activity but as a means of civilizational recovery and economic self-reliance (Prakash, 1999).
Scientific research became embedded within broader political aspirations for autonomy. Chemistry, in
particular, was seen as essential for pharmaceutical self-sufficiency, industrial development, and
technological modernization. Yet, despite this growth, structural limitations persisted. Colonial funding
priorities favored geological and agricultural research over fundamental chemical experimentation.
Indian scientists often lacked access to advanced instrumentation and independent funding streams.
Institutional hierarchies limited academic autonomy. Nevertheless, by the time of independence in 1947,
India had established a modest but functional network of chemical laboratories, trained chemists, and
emerging industrial units.

The historical foundation of Indian chemical sciences thus rests upon three intersecting
trajectories: indigenous experimental traditions, colonial institutional frameworks, and nationalist
scientific mobilization. Each layer contributed differently to the eventual modernization of chemistry in
India. Indigenous practices provided empirical knowledge; colonial laboratories introduced systematic
experimentation and infrastructure; nationalist scientists infused chemistry with developmental and
industrial purpose. In conclusion, the foundations of chemical sciences in India cannot be reduced to
either pre-colonial ingenuity or colonial modernization alone. Rather, they represent a historically
layered synthesis. By 1947, India possessed the intellectual capital and institutional groundwork
necessary for post-independence expansion of chemical research. The next stage in this evolution would
involve the deliberate construction of national laboratories and state-sponsored funding mechanisms—an
institutional transformation that fundamentally reshaped the trajectory of Indian chemical sciences.

Post-Independence Expansion: Institutional Consolidation and the Architecture of State-
Sponsored Chemical Research in India

The attainment of political independence in 1947 marked a decisive turning point in the
institutional history of chemical sciences in India. While the colonial period had introduced laboratory
infrastructure and formal scientific education, it was the post-independence Indian state that transformed
chemical research into a strategic pillar of national development. Science was no longer merely an
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academic pursuit or a colonial administrative tool; it became a central instrument of economic planning,
industrial modernization, and technological sovereignty. Jawaharlal Nehru’s articulation of “scientific
temper” framed science as foundational to nation-building (Nehru, 1946/1989). Within this broader
developmental ideology, chemical sciences assumed particular importance due to their relevance to
pharmaceuticals, fertilizers, petrochemicals, materials engineering, and defense industries. The
establishment and expansion of research laboratories during the first three Five-Year Plans reflected the
state’s commitment to building indigenous technological capacity.

The Council of Scientific and Industrial Research (CSIR), originally established in 1942 during
the late colonial period, underwent significant expansion after independence. Under the leadership of
Shanti Swarup Bhatnagar, CSIR evolved into a network of national laboratories distributed across the
country (Krishna, 2001). This decentralized laboratory system aimed to address specific industrial and
regional needs while maintaining centralized funding and coordination. The creation of the National
Chemical Laboratory (NCL) in Pune in 1950 exemplified this strategy. NCL focused on catalysis,
polymer science, and organic synthesis areas critical for reducing dependence on imported chemical
technologies. The post-independence period also witnessed the integration of chemical research with
heavy industrialization. Public sector enterprises in petroleum refining, fertilizer production, and
synthetic materials relied on research outputs from CSIR laboratories and university departments. This
model reflected a hybrid developmental approach: fundamental research was conducted within state
laboratories, while industrial application occurred within public sector enterprises. Such integration
reinforced the perception that chemical science was not merely theoretical but directly tied to economic
productivity. Parallel to the expansion of national laboratories was the establishment of the Indian
Institutes of Technology (11Ts). Beginning with IIT Kharagpur in 1951 and followed by IIT Bombay,
Madras, Kanpur, and Delhi, these institutions created a new generation of chemical engineers and
chemists trained in modern experimental techniques (Varghese, 2013). Chemical engineering
departments in IITs bridged the gap between laboratory chemistry and industrial-scale production
processes. They contributed significantly to petrochemical design, process optimization, and polymer
technology.

Picture -1.2
CSIR-National Chemical Laboratory Pune
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The Department of Science and Technology (DST), established in 1971, further institutionalized
research funding mechanisms. Unlike earlier ad hoc funding models, DST introduced structured grant
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systems, peer review processes, and targeted mission programs (DST, 2020). Chemical sciences
benefited from thematic programs in catalysis, materials science, and industrial chemistry. Over time,
specialized funding agencies such as the Science and Engineering Research Board (SERB) strengthened
competitive grant allocation, enabling greater autonomy in project selection. However, the post-
independence expansion was not without structural limitations. Research and development (R&D)
expenditure in India has historically remained below one percent of GDP, significantly lower than levels
observed in industrialized nations (OECD, 2018). While institutional infrastructure expanded, funding
intensity often remained insufficient to support high-risk, long-term fundamental research. Many
laboratories prioritized applied research aligned with industrial production, particularly pharmaceuticals
and process chemistry, rather than foundational theoretical inquiry. Another challenge during the 1960s
through 1990s was the phenomenon of “brain drain.” Highly trained chemists and chemical engineers
frequently migrated to the United States and Europe, attracted by superior laboratory facilities and
higher research funding. This outflow created gaps in advanced research domains such as molecular
spectroscopy, quantum chemistry, and advanced materials science (Subramanian, 2015). Nevertheless,
diaspora networks later facilitated international collaboration and knowledge exchange, partially
mitigating the earlier losses.

The liberalization of the Indian economy in 1991 introduced new dynamics into chemical
research funding. Private sector investment in pharmaceuticals and specialty chemicals increased
substantially. India’s emergence as a global generic drug manufacturer relied heavily on innovations in
synthetic organic chemistry and process engineering (Chaudhuri, 2005). This period marked a shift from
exclusively state-funded research toward mixed funding models incorporating private industry
partnerships. Collaborative research centers, incubation hubs, and technology transfer offices began to
appear within universities and national laboratories. In addition to economic liberalization, globalization
intensified the importance of international scientific collaboration. Indian chemical laboratories
increasingly participated in joint research programs with institutions in Europe, the United States, and
Japan. Such collaborations enhanced publication visibility and citation impact but also highlighted
disparities in funding scale and equipment sophistication. Advanced instrumentation such as high-
resolution spectrometers and synchrotron radiation facilities remained comparatively limited within
domestic laboratories. Despite these constraints, the post-independence institutional architecture
achieved substantial successes. India developed self-reliance in pharmaceutical production, established
competitive capabilities in polymer science and catalysis, and created a robust educational pipeline
through [1Ts and central universities. The cumulative effect of these developments was the
normalization of laboratory-based chemical research as a permanent national enterprise rather than an
episodic colonial import. In conclusion, the post-independence period represents the consolidation phase
of Indian chemical sciences. It transformed scattered colonial laboratories into a coordinated national
network. It integrated chemistry into economic planning and industrial production. It established funding
institutions capable of sustaining long-term research. Yet, the structural conditions necessary for
globally transformative, Nobel-level discoveries particularly sustained high-intensity investment and
autonomous interdisciplinary clusters were still evolving. The next section therefore examines the
contributions of individual chemists within this institutional framework and analyzes the structural
factors influencing global recognition.
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2. Indian Chemists, Scientific Inventions, and the Structural Conditions of Global Recognition

The development of chemical sciences in India must be analyzed not only through institutional
expansion but also through the intellectual contributions of individual chemists whose research shaped
both national capacity and global scientific discourse. Scientific breakthroughs emerge at the
intersection of institutional infrastructure, intellectual creativity, and sustained funding ecosystems. In
the Indian context, the trajectory of prominent chemists reveals both remarkable achievements and
structural constraints that have influenced global recognition, particularly in relation to Nobel Prize
outcomes. One of the earliest architects of modern Indian chemistry was Acharya Prafulla Chandra Ray
(1861-1944). Trained in Britain but intellectually rooted in Indian civilizational history, Ray contributed
to inorganic chemistry through his work on mercurous nitrite and nitrogen compounds. More
significantly, he institutionalized chemical research in colonial India by establishing Bengal Chemicals
and Pharmaceuticals in 1901 (Ray, 1902). His laboratory work combined experimental rigor with
nationalist industrial vision, demonstrating that chemistry could function as a tool of economic self-
reliance. Ray’s dual identity as a historian of science and practicing chemist also challenged colonial
narratives that denied India a scientific heritage.

Shanti Swarup Bhatnagar (1894-1955) represented the next stage in Indian chemical
institutionalization. A specialist in colloid chemistry and petroleum research, Bhatnagar played a central
role in expanding the Council of Scientific and Industrial Research (CSIR) after independence (Krishna,
2001). His legacy lies less in a singular discovery and more in constructing a national research
architecture capable of supporting applied industrial chemistry. Under his leadership, chemical research
shifted from individual laboratory initiatives to coordinated national laboratories. The mid-twentieth
century also witnessed significant advances in spectroscopy and physical chemistry. Although awarded
the Nobel Prize in Physics, C. V. Raman’s discovery of the Raman Effect (1928) profoundly
transformed chemical structural analysis. Raman spectroscopy became a foundational tool for molecular
characterization in chemistry (Raman, 1930). This example illustrates how disciplinary boundaries
between physics and chemistry are often porous, and how recognition categories may obscure
interdisciplinary contributions. In the post-independence era, chemists such as C. N. R. Rao expanded
India’s global presence in materials chemistry and solid-state science. Rao’s research on transition metal
oxides, high-temperature superconductors, and nanomaterials positioned Indian laboratories within
advanced materials research networks (Rao, 2010). With thousands of publications and high citation
impact, Rao’s career demonstrates the maturation of Indian chemical research into globally competitive
scholarship.
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Picture -1.3
Prafulla Chandra Ray Portrait
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However, the Nobel Prize in Chemistry awarded to Venkatraman Ramakrishnan in 2009 for his
work on ribosome structure highlights an important structural issue. Although Indian-born,
Ramakrishnan conducted his Nobel-winning research in the United Kingdom and the United States
(Ramakrishnan, 2018). His career reflects the broader phenomenon of scientific diaspora, where high-
impact discoveries are often produced within ecosystems characterized by sustained high-intensity
funding and advanced instrumentation. The absence of a Nobel Prize in Chemistry awarded for research
conducted entirely within post-independence Indian institutions is not indicative of intellectual
deficiency. Rather, it reflects structural conditions related to research funding intensity, laboratory
infrastructure, interdisciplinary collaboration, and global integration (Stephan, 2012). Nobel-level
discoveries typically emerge from environments where long-term, high-risk funding coexists with
academic autonomy and strong international networks.

Table 3.1
Major Indian Chemists and Their Scientific Contributions
Scientist Field Major Contribution Institutional Source
Base

Research on  mercurous Presidency
P. C. Ray Inorganic Chemistry n|tr|te5 founding Bengal College, Calcutta Ray (1902)

Chemicals
S. S. CoIIO|_d & Industrial||[Expansion of CSIR; CSIR Network |[Krishna (2001)
Bhatnagar Chemistry petroleum research

Raman Effect; molecular

. IACS, Calcutta ||[Raman (1930)
analysis

C.V.Raman |Spectroscopy

Solid-state chemistry;

. I1Sc Bangalore ||Rao (2010)
nanomaterials

C.N.R. Rao |Materials Chemistry

V. Structural Ribosome structure (Nobel MRC Cambridae Ramakrishnan
Ramakrishnan |Biology/Chemistry Prize 2009) g (2018)
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Beyond these prominent figures, Indian chemical research has contributed significantly to
pharmaceuticals, catalysis, agrochemicals, and polymer technology. The rise of India as a global
producer of generic medicines is directly linked to innovations in synthetic organic chemistry and
process engineering developed within national laboratories and industrial research units (Chaudhuri,
2005). While such contributions may not always result in Nobel recognition, their socio-economic
impact is profound.

Table 3.2
Selected Areas of Chemical Innovation in India (Post-1950)
Field Major Achievements Instltu.tlonal Source
Contributors
Pharmaceutlcal Qenerlc. drug synthesis; process CSIR-IIC?T, private Chaudhuri (2005)
Chemistry innovation pharma firms
. Zeolite  catalysts; industrial Subramanian
I . ’ NCL Pun
Catalysis catalysis CL Pune (2015)
. ntheti lymers; material
Polymer Science Synthetic polymers; aterials I1Ts; CSIR labs DST (2020)
research
Materials Chemistry |[Nanomaterials; superconductors |[I1Sc; T Kanpur Rao (2010)

Despite these achievements, structural challenges persist. India’s R&D expenditure has hovered around
0.6-0.8 percent of GDP for decades, significantly below countries that consistently produce Nobel-level
breakthroughs (OECD, 2018). High-risk fundamental research often requires sustained funding over
extended periods without immediate industrial return. In contrast, much of Indian chemical research has
historically prioritized applied industrial outcomes.

Table 3.3
Comparative R&D Intensity (Selected Countries)
Country||R&D Expenditure (% of GDP)||Nobel Chemistry Laureates (20th-21st C.)||Source
USA ~2.8-3.0% Multiple OECD (2018)
Germany||~3.1% Multiple OECD (2018)
Japan ~3.2% Multiple OECD (2018)
India ~0.7% 0 (Domestic Chemistry) OECD (2018)

These structural disparities underscore the importance of research ecosystems. According to
Merton’s theory of cumulative advantage, recognition in science is often concentrated within well-
funded research clusters (Merton, 1973). High citation visibility, advanced instrumentation, and
interdisciplinary integration create environments conducive to transformative discoveries.

The trajectory of Indian chemists thus reveals a dual narrative: remarkable intellectual contributions
within resource constraints, and limited global recognition relative to potential. The Nobel question
becomes less about individual merit and more about systemic capacity. As research funding,
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infrastructure quality, and global integration improve, the probability of breakthrough discoveries
correspondingly increases. In conclusion, Indian chemists have played critical roles in building
institutional frameworks, advancing industrial chemistry, and contributing to global scientific
knowledge. While Nobel recognition within domestic institutions remains unrealized in chemistry, the
intellectual foundations are robust. The challenge ahead lies in strengthening funding mechanisms,
fostering interdisciplinary autonomy, and sustaining long-term high-risk research programs capable of
generating paradigm-shifting innovations.

Evolution of Research Funding in Chemical Sciences Policy Transformations, Budgetary Trends,
and Innovation Ecosystems (1990-2025)

The trajectory of chemical sciences in India cannot be separated from the evolution of research
funding structures. While earlier sections demonstrated the historical and institutional foundations of
Indian chemistry, the scale, sustainability, and global competitiveness of chemical research depend
fundamentally on funding intensity, policy orientation, and innovation ecosystems. This section
examines the transformation of research funding in India from the post-independence planned economy
to the contemporary liberalized and globally integrated science policy framework.

A) Early Planning Era (1950-1980): State-Led Scientific Investment: During the first three
Five-Year Plans, the Indian state recognized science and technology as central to economic
development. Public investment in scientific research increased steadily, though from a low
baseline. By the late 1950s, India’s R&D expenditure had reached approximately 0.2 percent of
GDP (Government of India, 1961). Funding during this phase was heavily centralized and
primarily directed toward state laboratories under CSIR, the Atomic Energy Commission, and
defense research establishments. Chemical sciences benefited particularly in areas linked to
industrialization fertilizer production, petrochemicals, and pharmaceutical manufacturing.
However, funding remained mission-oriented and application-driven rather than exploratory.
Fundamental chemical theory and high-risk basic research received comparatively limited
support (Krishna, 2001).

B) Institutionalization of Funding Mechanisms (1980-1990): The establishment of the
Department of Science and Technology (DST) in 1971 marked a structural shift toward
competitive grant-based funding. Rather than relying exclusively on institutional block grants,
the DST introduced peer-reviewed project funding mechanisms (DST, 2020). This enabled
university-based chemist to access national-level research funds. The University Grants
Commission (UGC) also expanded support for chemical sciences through research fellowships,
major research projects, and the establishment of special assistance programs in chemistry
departments. This period witnessed moderate growth in research output, though infrastructure
disparities persisted between elite institutions and state universities.

C) Liberalization and Market-Oriented Research (1991-2005): The economic liberalization of
1991 significantly altered India’s research funding landscape. Private sector participation in
R&D increased, particularly in pharmaceutical chemistry and specialty chemicals. The Indian
pharmaceutical industry’s rise as a global generic drug producer relied heavily on process
chemistry innovation and reverse engineering strategies (Chaudhuri, 2005). Public funding
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continued through CSIR and DST, but private industrial R&D began to constitute a larger share
of national research expenditure. However, total R&D intensity remained below one percent of
GDP, limiting India’s ability to compete with high-investment economies (OECD, 2018).

Picture -1.4
DST / Science Budget Presentation
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Table 4.1
Growth of India’s R&D Expenditure (Selected Years)

Year Ej‘on GDIE;(pendlture Major Policy Context Source

1958 ~0.2% Early Five-Year Plans GOl (1961)
1985 ~0.6% DST consolidation DST (2020)
1995 ~0.7% Post-liberalization OECD (2018)
2010 ~0.8% Innovation policy focus DST (2022)
2022 ~0.7% Mixed public-private model |DST (2022)

Despite nominal increases, India’s R&D intensity has stagnated relative to advanced economies. This
stagnation constrains the probability of high-risk, long-term chemical breakthroughs.

D) Contemporary Funding Architecture (2005-2025): In the twenty-first century, research
funding mechanisms have diversified. Key agencies now include:

o Department of Science and Technology (DST)

o Science and Engineering Research Board (SERB)

e Council of Scientific and Industrial Research (CSIR)

o Department of Biotechnology (DBT)

e Industry-sponsored R&D consortia Programs such as the Innovation in Science Pursuit for
Inspired Research (INSPIRE), Prime Minister’s Research Fellowship (PMRF), and mission-
mode funding in materials and nanoscience have strengthened support for advanced chemical
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research (DST, 2022). Additionally, the establishment of innovation clusters, technology parks,

and

start-up incubators has created translational pathways for chemical research

commercialization. However, funding remains unevenly distributed, with elite institutions
capturing a disproportionate share of grants.

Table 4.2
Major Funding Agencies Supporting Chemical Sciences in India

Agency| Established|[Focus Area Funding Model Source

CSIR |[1942 Applied & industrial chemistry Institutional grants Krishna (2001)
DST ||1971 Competitive research grants Peer-reviewed projects DST (2020)
SERB |2008 Investigator-driven research Competitive funding DST (2022)
DBT ||1986 Biochemical & molecular sciences|Mission-oriented grants GOl (2020)
UGC ||1956 University-based research Fellowship & project grants|UGC (2019)

E) Structural Challenges in Research Funding: Several systemic issues continue to influence

chemical research outcomes:

Low R&D Intensity: At approximately 0.7 percent of GDP, India’s research expenditure
remains below the global average for innovation-driven economies (OECD, 2018).

Limited High-Risk Funding: Breakthrough chemical discoveries often require long-term
exploratory grants without immediate industrial outcomes (Stephan, 2012).

Infrastructure Disparities: Advanced instrumentation such as high-resolution NMR
spectroscopy and synchrotron facilities remain limited relative to global leaders.

Administrative Delays: Bureaucratic approval processes can delay fund disbursement and
equipment procurement.

Industry-Academia Gaps: While pharmaceutical sectors have strong R&D, collaboration
between academia and heavy chemical industries remains inconsistent.

Table 4.3
Comparative Global R&D Intensity (Recent Estimates)

Country||R&D Expenditure (% GDP)|Innovation Rank Context |Source

USA ~2.8-3.0% High innovation index OECD (2018)
Germany||~3.1% Advanced industrial R&D ||[OECD (2018)
Japan  [|~3.2% High-tech chemical sector ||OECD (2018)
China |~2.4% Rapid expansion OECD (2018)
India ~0.7% Emerging innovation system||OECD (2018)
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F) Innovation Ecosystems and Nobel Probability: Nobel-level research typically emerges within
dense innovation ecosystems characterized by:

o Sustained multi-decade funding

« Interdisciplinary clusters

« International collaboration networks

o Advanced research infrastructure India’s funding architecture has improved significantly, yet the
scale and intensity remain comparatively modest. As Merton’s theory of cumulative advantage
suggests, recognition accumulates within already well-funded clusters (Merton, 1973).
Therefore, the probability of Nobel-scale breakthroughs correlates strongly with funding density
and ecosystem maturity. The evolution of research funding in Indian chemical sciences reflects
gradual institutional sophistication. From centralized state laboratories in the planning era to
diversified competitive grant systems and private sector participation in the liberalized era,
funding mechanisms have expanded both structurally and strategically. However, persistent
limitations in funding intensity, infrastructure equity, and high-risk research investment constrain
the likelihood of paradigm-shifting chemical discoveries. The path toward global scientific
leadership requires not only incremental funding increases but structural reform toward
sustained, long-term, investigator-driven research ecosystems.

From Laboratories to Laurels Structural Reforms, Global Integration, and the Future of Nobel-
Level Chemical Research in India

The historical evolution of chemical sciences in India from indigenous metallurgical traditions to
colonial laboratories, and from post-independence institutional consolidation to contemporary funding
mechanisms—reveals a trajectory of steady maturation. However, the transition from institutional
robustness to globally transformative scientific breakthroughs requires structural recalibration. The
question is no longer whether India possesses capable chemists or established laboratories; rather, it is
whether the ecosystem can consistently generate high-impact discoveries that reshape global chemical
knowledge.

A) Structural Determinants of Breakthrough Science: Nobel-level discoveries are rarely accidental.
They emerge from long-term investments in fundamental research, intellectual autonomy,
interdisciplinary collaboration, and sustained funding security (Stephan, 2012). In many high-
performing scientific economies, funding structures allow researchers to pursue exploratory inquiry
without immediate commercial pressure. India’s research system, historically oriented toward
applied industrial outcomes—especially pharmaceuticals and process chemistry has produced
socially impactful innovations but fewer paradigm-shifting theoretical breakthroughs. A key
structural determinant is R&D intensity. Countries that consistently produce Nobel laureates in
chemistry typically invest above 2.5 percent of GDP in research and development (OECD, 2018).
India’s expenditure, hovering around 0.7 percent, limits the scale of high-risk experimentation and
advanced instrumentation acquisition. While incremental funding increases have occurred,
transformative funding density remains limited.
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B) Strengthening Investigator-Driven Research: To move from incremental innovation to
transformative discovery, India must strengthen investigator-driven funding mechanisms.
Competitive grants through agencies such as DST and SERB represent positive steps, yet high-risk
frontier research requires long-duration, stable funding cycles. Mission-mode programs, while
effective for applied objectives, may inadvertently constrain exploratory theoretical chemistry.
Encouraging autonomy within national laboratories and universities is equally critical. Breakthrough
chemical discoveries often arise in environments where young researchers can pursue
unconventional hypotheses without bureaucratic rigidity. Reforming administrative procurement
systems and accelerating equipment acquisition processes would significantly enhance research
efficiency.

C) Interdisciplinary Integration and Emerging Fields: The future of chemical sciences lies at
disciplinary intersections: materials chemistry with nanotechnology, chemical biology with
molecular medicine, computational chemistry with artificial intelligence. Institutions such as 11Sc
and 1ITs have begun integrating such interdisciplinary frameworks, but expansion across state
universities remains uneven. India’s strength in computational science and mathematics offers
unique opportunities to integrate theoretical chemistry with data-driven modeling. Artificial
intelligence-assisted molecular design, green chemistry innovation, and sustainable materials
research represent promising domains for global leadership. Strategic clustering of interdisciplinary
research hubs could amplify discovery potential.

D) Global Collaboration and Diaspora Networks: The Indian scientific diaspora has demonstrated
the global competitiveness of Indian-origin chemists. Rather than viewing diaspora mobility as a
loss, policy frameworks increasingly recognize it as a collaborative asset. International joint
laboratories, co-funded research programs, and visiting professorship models can strengthen
domestic research ecosystems. Global integration also enhances citation visibility and collaborative
density factors correlated with scientific recognition (Merton, 1973). However, internationalization
must complement, not substitute, domestic capacity building.

E) Industry—Academia Synergy: India’s pharmaceutical sector illustrates how strong industry-
academia linkage can produce globally competitive outcomes (Chaudhuri, 2005). Extending similar
collaboration models to advanced materials, specialty chemicals, and green chemistry could
stimulate innovation. Encouraging venture capital participation in chemical technology startups,
strengthening intellectual property protection, and streamlining patent translation mechanisms would
create a virtuous cycle between laboratory research and commercial application.

Table 5.1
Strategic Pathways toward Nobel-Level Chemical Research

Structural Area

Current Status

Reform Priority

Expected Outcome

Increase to >1.5% medium

R&D Intensity ~0.7% GDP rerm Expanded high-risk research
Investigator Autonomy |[Moderate Long-duration frontier grants||Breakthrough probability rise
Uneven Advanced  instrumentation|Improved experimental
Infrastructure o .
distribution hubs precision
Interdisciplinary Growing National cluster programs  ||Cross-domain discoveries
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Structural Area Current Status ||Reform Priority Expected Outcome
Research
Global Collaboration  ||Expanding Structured joint labs Enhanced citation impact

Sources: OECD (2018); DST (2022); Stephan (2012).

F) Reframing the Nobel Question: The pursuit of Nobel recognition should not overshadow the
broader social and industrial contributions of Indian chemistry. Affordable pharmaceuticals, catalytic
innovations, and polymer technologies have generated measurable socio-economic impact. However,
global symbolic recognition plays a strategic role in elevating scientific prestige and attracting
international collaboration.

Picture -1.5
Nobel Prize in Chemistry Medal

The Nobel Prize in Chemistry awarded to Indian-origin scientists working abroad demonstrates
that intellectual capacity exists. The task ahead is ecosystem strengthening. Recognition follows
cumulative scientific capital (Merton, 1973), and such capital depends on sustained policy commitment.

Contemporary Scientific Excellence: Venkatraman Ramakrishnan and the Nobel Prize in
Chemistry (2009)

The trajectory of Indian scientific achievement from ancient knowledge systems to modern innovation
finds global recognition in the work of contemporary scientists of Indian origin. Among the most
distinguished is Venkatraman Ramakrishnan, who was awarded the Nobel Prize in Chemistry in 20009,
jointly with Thomas A. Steitz and Ada E. Yonath, for studies of the structure and function of the
ribosome. His achievement represents a milestone in molecular biology and structural chemistry,
underscoring India’s contribution to cutting-edge scientific research. Born in 1952 in Chidambaram,
Tamil Nadu, Ramakrishnan pursued higher education in physics before transitioning into molecular
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biology. His interdisciplinary academic journey exemplifies the modern scientific approach that
integrates physics, chemistry, and biology. The Nobel Prize-winning research focused on determining
the atomic structure of the ribosome using X-ray crystallography. Ribosomes are essential cellular
structures responsible for protein synthesis, and understanding their structure has profound implications
for antibiotic development and medical research (Ramakrishnan, 2009, p. 469). The discovery provided
detailed insights into how antibiotics bind to bacterial ribosomes, thereby advancing pharmaceutical
innovation. By revealing the three-dimensional structure of the ribosome, Ramakrishnan and his
colleagues helped clarify one of the fundamental mechanisms of life at the molecular level. The Royal
Swedish Academy of Sciences recognized that this work significantly enhanced the scientific
community’s understanding of genetic translation and biochemical regulation. Ramakrishnan’s
achievement illustrates the global reach of Indian scientific intellect. His recognition reinforces the
continuity between India’s historical scientific traditions and contemporary innovation in molecular
biology and chemistry. From the anatomical insights of Charaka and Sushruta to modern structural
biology, the evolution of scientific inquiry reflects adaptation across centuries. Ramakrishnan’s Nobel
Prize stands as a testament to India’s enduring engagement with advanced scientific research and its
expanding role in global knowledge production.

Conclusion: Toward a Transformative Scientific Future

The evolution of chemical sciences in India reflects a journey from artisanal experimentation to
structured national laboratories and diversified funding ecosystems. Indian chemists have built
institutions, advanced industrial chemistry, and contributed meaningfully to global research. Yet, the
structural density required for paradigm-shifting chemical discoveries remains under consolidation.
Future progress depends on five interlinked reforms: increased R&D intensity, sustained frontier
funding, interdisciplinary clustering, administrative efficiency, and robust global collaboration. If these
structural conditions mature, the transition from renowned laboratories to Nobel-level recognition in
chemistry will become not a matter of aspiration but of probability. India’s scientific future in chemical
sciences thus stands at a threshold: the foundations are strong, the intellectual capacity proven, and the
institutional networks established. The next phase demands scale, autonomy, and sustained commitment.
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