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Introduction

The relative newness of Materials Science and Engineering as an organized field of study and research brings with it a problem to the teachers. It is a challenge to convince young undergraduates to major in Materials Science, though by the time they come to graduate studies, the job is easier since they have by the time realized the importance of Materials Science.   Even though this situation exists, it must be recognized that Materials Science has overreaching importance in the history of civilization and modern materials science will have in the technological progress of mankind.   In fact if one were to mention one invention, which has changed the world, how it functions then it is the “Chip” materials that has done this in the last few years.   

How do Materials shape our Culture?

Early civilizations have been credited with numerous materials. However, these materials can be broadly classified into five categories (a) Metals (b) Ceramics (c) Polymers (d) composites (e) semiconductors and all these five categories of materials were known to humanity for many centuries now, though concepts and synthetic materials of some of them are of recent origin.    In fact in early stages the development of materials are based upon the competition between the five categories listed, selecting the optimum material for a given application and often looking for alternatives for many precious metals.   Materials have been deciding the direction of research for the past few decades to mention a few, in the fifties it is the clay materials for petroleum refining, in the 60s it is the semiconducting materials for device applications, in the 70s it is the zeolites for the production of fine chemicals and in 80s the high Tc supercondcutors for a variety of possible applications and in 90s it is mesoporous solids and nanomaterials as smart materials with potential application in every sphere of scientific activity.

In fact the innumerable techniques that have been developed in recent years are all based or for the characterization of the materials developed.   Essentially materials is the PR of science, since materials synthesis depends on processes, the synthesis methods and applications heavily depend on Principles and the properties that they exhibit make them special and the products arising out of them are responsible for the technological advancement that we see today around us.  Therefore materials science can be considered the PR of all science.

In his introduction to the substance of civilization, Stephen L.Sass writes that he seeks to address the question “How did materials shape our culture?” He associates his description of the development of early civilisations with numerous materials and related quotations from ancient sources. In fact it is known civilisation has been associated with materials since the age is classified as stone age, the chalcolithic (copper-stone) age, the bronze age, the iron age and the electronic materials (silicon) age without any specific period being assigned to the ceramic age since it is known in all the ages. If one were to quote ancient literature to support this idea, in Deuteronomy 8 (Old Testament) Moses describes a “Promised Land” as a land whose stones are iron and out of their hills one can get copper. This indicates that Moses knew that iron and copper would be enticing to his followers as milk and honey.   This means Moses has realised that the civilisation depends on these two metals already.   

Composite materials are considered to be one of the modern materials e.g. fibreglass produced from dissimilar materials to achieve properties superior to either of the components.    Exodus 5 describes the use of straw for improving the strength of bricks.   The modern composites are essentially a combination of dissimilar materials to produce a new material whose properties are superior to either of the constituents.   This is what is reflected in the statement of Exodus 5.   One may wonder or surprised with the super disciplines like synthetic diamond, biomimetic materials and smart materials but all of them are concepts well known to humanity many centuries ago. When the famous singer Madonna sang, “we are living in a material world and I am a Material girl”, she was reflecting what humanity wants to achieve through material science.   It is easily seen human civilisation naturally and fully centred on Materials Science.

Origin of Modern Materials Science:

In 1959, Northwestern University renamed its Department of Metallurgy to Department of Material Science and ever since almost all the educational and academic institutions have renamed their Metallurgy departments into Department of Materials Science.   The Materials Research Society of USA (MRS) was formed in 1973 with 215 members and it has now over 750,000.   It is heartening to note that in India too the academic and educational institutions renamed their metallurgy departments and a few of them even formed new centres of Material Science to mark the special activity in this field.   The Material Research Society of India (MRSI) was also founded during this time period.   This has a special implication that Modern Materials Science activity in this country is on par with the developed countries at least in time scale and this has to be properly exploited and harnessed.

Materials science in Indian history:

(a) (a)    Metals: The following metals are referred to in the Samhitas, Brahmanas, Upanishads, and Kalpasutras which belong to the vedic literature

Gold: Candra, Jatarupa, Swarna, Harita hiranya

Iron: Syama, Syamayasa, and Karsnayasa

Tin: Trapu

Silver: Rajata

Lead: Sisa

Copper: Loha, lohayasa and lohitayas

 

Since gold was obtained from the bed of rivers the Indus is called the golden river or golden stream. The extraction of gold from the earth was known washing of gold and smelting have also been mentioned in the olden literature.   They have not only known to make gold coins and they have even converted gold into threads.   Mahavira vessel used in certain Soma rites was made of clay and water and not of gold nor of copper (loha) for the following reasons:

If it were to be made of wood, it would be burnt; and if it is of gold, it would dissolve and if it is of copper it would melt; and if it is of stone it would burn the two handling sticks. They were fully aware of the metallic properties as revealed in Chand Up (iv.17,7) wherein they describe that gold is identified by it melting with lavana (borax) silver by means of gold, tin by means of silver, lead by means of tin, iron by means of lead wood by means of iron or leather.   This clearly shows that they knew the content of flux and depression of the melting point and how to dissolve one metal into other.   This indicates that they knew what an alloy means as well as they knew how to make them and what possible combinations will work and why.   One should not immediately surmise that they knew many alloys at that period they knew most of the alloys of the metals that were known to them. Karnasobhana denotes an ornament for the ear  refereed to in Veda.  Khadi is frequently referred in Veda denoting anklets or armlets or even rings sometimes.

About 60 implements made of metals are mentioned in Vedic literature.  We shall mention one particular example, namely angaravaksayana that is equivalent of tongs used to extinguish coal. Similarly ulmukavaksayana and also dhrsti  have been used repeatedly in Vedic literature to refer to the fire tongs. This shows that vedic people knew fully well how to use fire to convert one form of material to another, that is they knew how fire can convert clays to pottery, ores to metals and sand to glass. Modern material science especially new material synthesis is basically dependent on ceramic method wherein the constituents are mixed in molar proportions and fired at the appropriate temperature for definite periods of time.

There are about 150 terms that have been used in the Vedic literature to denote the different metallurgical occupations.   Karmara, the smith is mentioned several times in the Vedic samhitas. Since he smelted (dhma) the ore in the fire he is also called Dhmatr, the smelter. Similarly Hiranyakara denotes a worker in gold. This shows that metallurgical profession was as specialized in the Vedic days as it is today.

There are various metallurgical processes mentioned in Vedic literature. Varahamihira gives the following description as one of the methods for hardening steel. The paste of the juice of the arka, the gelatin from the horn of the sheep and the dung of the pigeon and the mouse is applied to the steel after the steel is rubbed with (sesame) oil. Then introduce the steel thus treated into the fire and then when it is red-hot sprinkle on it water or fat or bile and then sharpen in a lathe. This shows how thorough the metallurgists of Vedic ages were in devising various metallurgical processes with care to the minute details and it is easy to see the clear similarities with the modern day practice of hardening of steel.

Similarly the early periods of the medical history of India beginning with Caraka and Susruta.   One can find that the metals iron, gold, silver was used extensively in the preparations of various kinds of internal and external medical use.   The ancient Indian community not only knew how to harness metallic ores but also developed methods for processing them, devised procedures for altering their properties and demonstrated how to make appropriate products out of them using the basic principles of metallurgical operations.   It is surprising to note that ancient Indian community not only knew the scientific processes but also have developed organizational structure for sustaining such an activity.  The flow chart given below is the hierachial structure mentioned by Kautilya for the mining and metallurgical operations implying the importance the governance of that day gave to this branch of science.
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The natural question would be if such an organized sector and development were there in ancient times why were they not sustained.   The cessation of once flourishing mining operations in India might have happened due to the following reasons:

1. 1.      Economic reasons

2. 2.      Water problems (flooding due to increased depth)

3. 3.      Ventilation problems

4. 4.      Wars and Pestilence

5. 5.      Competitions from other area

6. 6.      Unexpected disasters

The entry of foreign traders into India and subsequent downfall of the incoherent, independent kingdoms gradually paved the way for the reigns to go into their hands.   The Britishers while consolidating their positions politically contributed to the rediscovery and revival of many of the old practices and introduced new scientific procedures and practices with respect to coal, iron ore petroleum, uranium thorium and multitude of other mined commodities.

Let us reflect on the two modern materials, namely polymers and semiconductor chips. The chips have revolutionized our life style today. The development of chips is the result of syndrome, which is termed as the  “tyranny of numbers”.   This was a metaphor that described the exponentially increasing number of components required to design improved circuits, against the physical limitations derived from the number of components that could be assembled together. The solution was found in the monolithic (meaning formed from a single crystal) integrated circuit.   Instead of designing smaller components they found the way to fabricate networks of discrete components in a single sequence by laying into a single crystal (chip) of semiconductor material. Kilby used Germanium and Noyce used silicon.   This discovery of chip has a long history connecting Texas Instruments (Jack St.Clair Kilby) and Fairchild Semiconductor Corporation (Robert Norton Noyce). There are various lessons one can learn form the “Intel inside” story.  Before going into the details of the lessons we have to draw from this it is necessary we quote some passages from the statements of Gordon E.Moore one of the erstwhile coworkers of Robert Noyce and the chairman of the Board of Intel Corporation.  When he was asked about patenting he said,  “ well if one were to ask about patenting on the microprocessor and frankly, we didn’t think the microporocessor per se was that patentable........One thing we did that I donot think it is generally recognized, it is the first CMOS circuits were made there..................At Fairchild everything was a surprise, it was really on the job training for everybody. At Intel we had a chance to take advantage of what we have learned at Fairchild and set things up a bit differently.......you know, certainly the egalitarian nature – if you want a close parking place you get to work early.”  .....The Biggest frustration was while they had stable MOS devices were made as early as 1962, even in 1968 Fairchild was not yet successful in product line of MOS.

 All these statements reproduced from an interview given by Gordon E.Moore in March 1995 show many of the features of Indian Materials Scientists of yester years.   They did not realize the factors of protection (in the form of patenting today). They preferred to preserve as exclusive knowledge, which has led to the non-transfer of know-how to next generations. Secondly the monolithic circuitry is a concept already known to the ancient Indians as they have described various warefares with fire and directional devices emanating from a single source as described in our epics.  This does not mean ancient Indian Material Scientists had known the concept of chip, but they knew the combination of elements of circuits in single monolithic structure.  There are specific lessons for Indian materials Scientists to learn form the story of Intel. Some of them can be listed as:

(1) (1)   Patenting any product in materials is essential however trival the invention may appear at the time of invention,

(2) (2)    the invenstions should be exploited at shortest time as possible and 

(3) (3)    there is always difficulty in tranforming invention into product and if the chain is maintained by the same persons then only the enthusiasm and vigour can be maintained.

Let us now turn our attention to another remarkable discovery in materials science namely Fullerene or C60.    C60  is a molecule consisting of 60 carbon atoms arranged as 12 pentagons and 20 hexagons.   The shape is that of a soccer ball.   The black pieces of leather in a conventional football are the pendtagons and the hexagons are white.   There are 60 different points where three of the leather patches meet. Imagine a carbon atom stiiting at each of these points, and one should have a model of C60.The striking property of C60 is its symmetry.   There are 120 symmetry operations like rotations around an axis or reflections in a plane which map the molecule onto itself.   This makes C60 the molecule with the largest number of symmetry operations the most symmetric molecule. 

Based on a theorem of the mathematician, Leonhard Euler, one can show that a spherical surface entirely built up from pentagons and hexagons must have exactly 12 pentagons.   Depending on the number of hexagons molecules of different sizes can be obtained.   These molecules are called Fullerences after the American architect Richard Fuller who is renowned for his geodesic domes that are based on hexagons and pentagons. Even earlier to this such a construction was known in the dome of the first planetarium built in Zeiss in 1922.   It  should not be a surprise that a shape as symmetric and beautiful as that of C60 molecule has occupied the minds of many artists and mathematicians over the centuries. Probably it was already known to Archimedes ( after all, it is one of the Archimedian solids!).  Kepler coined the name truncated icosahedron for this shape and an example of this shape in art is known in ancient Italian cathedral.   This example shows how todays materials scientists have to possess domain knowledge in other areas of science so as to expoit or generate new materials. In fact ancient Indians marvelled in the architecural ability and the stones and shapes they have created may lead to many more discoveries in materials science!

If one were to trace the history of high Tc superconductors research (the growth curve is shown in Fig.1) or that of aerogels or the chemistry of plastics (first page of a typical chronology of plastics is reproduced in Fig.2.)  one will be suprised to note that ancient and modern Indian contributions are missing for some reason or other.

Indian material science has many advantages. Among the various domains of physical sciences, activity in modern material science has started in India almost at the same time as that of the advanced countries.   In addition, researchers in material science field have been working on similar materials like high Tc superconducting mterials, carbon nanomaterials giant magnetoresistive materials. Hence there is every likely hood that indian material scientists can come up with new materials which can be exploited for device applications. However scientists in material science research in India probably lack in the finish of the materials so as to transform them into devices or they are not aiming at achieving the devices out of their materials.   Whatever may be the reason for this lack of will power to reach the finish line of making the materials into devices, the materials science research in India is on par with that of other countries.

 

Material scince research today is a multidisciplinary activity, starting from synthesis ending with device and performance of the devices.   Normally not only professional skills are required the literatue in this field is well spread out from basic chemistry journals to ther engineering journals as far as Journal of Aircract Engineering and Aerospace Technology.   These publications not only keep pace with the laterest materials, procedures and technological innovations but also impart knowledge how to use the new materials successfuly to achieve greater all round performance, safety and cost efficeincey. The information explosion in this field is enormous and it is necessary one has to device various different strategies to assimilate and organise the information and also put the information to proper and appropriate use.
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Introduction

The relative newness of Materials Science and Engineering as an organized field of study and research brings with it a problem to the teachers. It is a challenge to convince young undergraduates to major in Materials Science, though by the time they come to graduate studies, the job is easier since they have by the time realized the importance of Materials Science.   Even though this situation exists, it must be recognized that Materials Science has overreaching importance in the history of civilization and modern materials science will have in the technological progress of mankind.   In fact if one were to mention one invention, which has changed the world, how it functions then it is the “Chip” materials that has done this in the last few years.   

How do Materials shape our Culture?

Early civilizations have been credited with numerous materials. However, these materials can be broadly classified into five categories (a) Metals (b) Ceramics (c) Polymers (d) composites (e) semiconductors and all these five categories of materials were known to humanity for many centuries now, though concepts and synthetic materials of some of them are of recent origin.    In fact in early stages the development of materials are based upon the competition between the five categories listed, selecting the optimum material for a given application and often looking for alternatives for many precious metals.   Materials have been deciding the direction of research for the past few decades to mention a few, in the fifties it is the clay materials for petroleum refining, in the 60s it is the semiconducting materials for device applications, in the 70s it is the zeolites for the production of fine chemicals and in 80s the high Tc supercondcutors for a variety of possible applications and in 90s it is mesoporous solids and nanomaterials as smart materials with potential application in every sphere of scientific activity.

In fact the innumerable techniques that have been developed in recent years are all based or for the characterization of the materials developed.   Essentially materials is the PR of science, since materials synthesis depends on processes, the synthesis methods and applications heavily depend on Principles and the properties that they exhibit make them special and the products arising out of them are responsible for the technological advancement that we see today around us.  Therefore materials science can be considered the PR of all science.

In his introduction to the substance of civilization, Stephen L.Sass writes that he seeks to address the question “How did materials shape our culture?” He associates his description of the development of early civilisations with numerous materials and related quotations from ancient sources. In fact it is known civilisation has been associated with materials since the age is classified as stone age, the chalcolithic (copper-stone) age, the bronze age, the iron age and the electronic materials (silicon) age without any specific period being assigned to the ceramic age since it is known in all the ages. If one were to quote ancient literature to support this idea, in Deuteronomy 8 (Old Testament) Moses describes a “Promised Land” as a land whose stones are iron and out of their hills one can get copper. This indicates that Moses knew that iron and copper would be enticing to his followers as milk and honey.   This means Moses has realised that the civilisation depends on these two metals already.   

Composite materials are considered to be one of the modern materials e.g. fibreglass produced from dissimilar materials to achieve properties superior to either of the components.    Exodus 5 describes the use of straw for improving the strength of bricks.   The modern composites are essentially a combination of dissimilar materials to produce a new material whose properties are superior to either of the constituents.   This is what is reflected in the statement of Exodus 5.   One may wonder or surprised with the super disciplines like synthetic diamond, biomimetic materials and smart materials but all of them are concepts well known to humanity many centuries ago. When the famous singer Madonna sang, “we are living in a material world and I am a Material girl”, she was reflecting what humanity wants to achieve through material science.   It is easily seen human civilisation naturally and fully centred on Materials Science.

Origin of Modern Materials Science:

In 1959, Northwestern University renamed its Department of Metallurgy to Department of Material Science and ever since almost all the educational and academic institutions have renamed their Metallurgy departments into Department of Materials Science.   The Materials Research Society of USA (MRS) was formed in 1973 with 215 members and it has now over 750,000.   It is heartening to note that in India too the academic and educational institutions renamed their metallurgy departments and a few of them even formed new centres of Material Science to mark the special activity in this field.   The Material Research Society of India (MRSI) was also founded during this time period.   This has a special implication that Modern Materials Science activity in this country is on par with the developed countries at least in time scale and this has to be properly exploited and harnessed.

Materials science in Indian history:

(b) (a)    Metals: The following metals are referred to in the Samhitas, Brahmanas, Upanishads, and Kalpasutras which belong to the vedic literature

Gold: Candra, Jatarupa, Swarna, Harita hiranya

Iron: Syama, Syamayasa, and Karsnayasa

Tin: Trapu

Silver: Rajata

Lead: Sisa

Copper: Loha, lohayasa and lohitayas

 

Since gold was obtained from the bed of rivers the Indus is called the golden river or golden stream. The extraction of gold from the earth was known washing of gold and smelting have also been mentioned in the olden literature.   They have not only known to make gold coins and they have even converted gold into threads.   Mahavira vessel used in certain Soma rites was made of clay and water and not of gold nor of copper (loha) for the following reasons:

If it were to be made of wood, it would be burnt; and if it is of gold, it would dissolve and if it is of copper it would melt; and if it is of stone it would burn the two handling sticks. They were fully aware of the metallic properties as revealed in Chand Up (iv.17,7) wherein they describe that gold is identified by it melting with lavana (borax) silver by means of gold, tin by means of silver, lead by means of tin, iron by means of lead wood by means of iron or leather.   This clearly shows that they knew the content of flux and depression of the melting point and how to dissolve one metal into other.   This indicates that they knew what an alloy means as well as they knew how to make them and what possible combinations will work and why.   One should not immediately surmise that they knew many alloys at that period they knew most of the alloys of the metals that were known to them. Karnasobhana denotes an ornament for the ear  refereed to in Veda.  Khadi is frequently referred in Veda denoting anklets or armlets or even rings sometimes.

About 60 implements made of metals are mentioned in Vedic literature.  We shall mention one particular example, namely angaravaksayana that is equivalent of tongs used to extinguish coal. Similarly ulmukavaksayana and also dhrsti  have been used repeatedly in Vedic literature to refer to the fire tongs. This shows that vedic people knew fully well how to use fire to convert one form of material to another, that is they knew how fire can convert clays to pottery, ores to metals and sand to glass. Modern material science especially new material synthesis is basically dependent on ceramic method wherein the constituents are mixed in molar proportions and fired at the appropriate temperature for definite periods of time.

There are about 150 terms that have been used in the Vedic literature to denote the different metallurgical occupations.   Karmara, the smith is mentioned several times in the Vedic samhitas. Since he smelted (dhma) the ore in the fire he is also called Dhmatr, the smelter. Similarly Hiranyakara denotes a worker in gold. This shows that metallurgical profession was as specialized in the Vedic days as it is today.

There are various metallurgical processes mentioned in Vedic literature. Varahamihira gives the following description as one of the methods for hardening steel. The paste of the juice of the arka, the gelatin from the horn of the sheep and the dung of the pigeon and the mouse is applied to the steel after the steel is rubbed with (sesame) oil. Then introduce the steel thus treated into the fire and then when it is red-hot sprinkle on it water or fat or bile and then sharpen in a lathe. This shows how thorough the metallurgists of Vedic ages were in devising various metallurgical processes with care to the minute details and it is easy to see the clear similarities with the modern day practice of hardening of steel.

Similarly the early periods of the medical history of India beginning with Caraka and Susruta.   One can find that the metals iron, gold, silver was used extensively in the preparations of various kinds of internal and external medical use.   The ancient Indian community not only knew how to harness metallic ores but also developed methods for processing them, devised procedures for altering their properties and demonstrated how to make appropriate products out of them using the basic principles of metallurgical operations.   It is surprising to note that ancient Indian community not only knew the scientific processes but also have developed organizational structure for sustaining such an activity.  The flow chart given below is the hierachial structure mentioned by Kautilya for the mining and metallurgical operations implying the importance the governance of that day gave to this branch of science.
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The natural question would be if such an organized sector and development were there in ancient times why were they not sustained.   The cessation of once flourishing mining operations in India might have happened due to the following reasons:

7. 1.      Economic reasons

8. 2.      Water problems (flooding due to increased depth)

9. 3.      Ventilation problems

10. 4.      Wars and Pestilence

11. 5.      Competitions from other area

12. 6.      Unexpected disasters

The entry of foreign traders into India and subsequent downfall of the incoherent, independent kingdoms gradually paved the way for the reigns to go into their hands.   The Britishers while consolidating their positions politically contributed to the rediscovery and revival of many of the old practices and introduced new scientific procedures and practices with respect to coal, iron ore petroleum, uranium thorium and multitude of other mined commodities.

Let us reflect on the two modern materials, namely polymers and semiconductor chips. The chips have revolutionized our life style today. The development of chips is the result of syndrome, which is termed as the  “tyranny of numbers”.   This was a metaphor that described the exponentially increasing number of components required to design improved circuits, against the physical limitations derived from the number of components that could be assembled together. The solution was found in the monolithic (meaning formed from a single crystal) integrated circuit.   Instead of designing smaller components they found the way to fabricate networks of discrete components in a single sequence by laying into a single crystal (chip) of semiconductor material. Kilby used Germanium and Noyce used silicon.   This discovery of chip has a long history connecting Texas Instruments (Jack St.Clair Kilby) and Fairchild Semiconductor Corporation (Robert Norton Noyce). There are various lessons one can learn form the “Intel inside” story.  Before going into the details of the lessons we have to draw from this it is necessary we quote some passages from the statements of Gordon E.Moore one of the erstwhile coworkers of Robert Noyce and the chairman of the Board of Intel Corporation.  When he was asked about patenting he said,  “ well if one were to ask about patenting on the microprocessor and frankly, we didn’t think the microporocessor per se was that patentable........One thing we did that I donot think it is generally recognized, it is the first CMOS circuits were made there..................At Fairchild everything was a surprise, it was really on the job training for everybody. At Intel we had a chance to take advantage of what we have learned at Fairchild and set things up a bit differently.......you know, certainly the egalitarian nature – if you want a close parking place you get to work early.”  .....The Biggest frustration was while they had stable MOS devices were made as early as 1962, even in 1968 Fairchild was not yet successful in product line of MOS.

 All these statements reproduced from an interview given by Gordon E.Moore in March 1995 show many of the features of Indian Materials Scientists of yester years.   They did not realize the factors of protection (in the form of patenting today). They preferred to preserve as exclusive knowledge, which has led to the non-transfer of know-how to next generations. Secondly the monolithic circuitry is a concept already known to the ancient Indians as they have described various warefares with fire and directional devices emanating from a single source as described in our epics.  This does not mean ancient Indian Material Scientists had known the concept of chip, but they knew the combination of elements of circuits in single monolithic structure.  There are specific lessons for Indian materials Scientists to learn form the story of Intel. Some of them can be listed as:

(4) (1)   Patenting any product in materials is essential however trival the invention may appear at the time of invention,

(5) (2)    the invenstions should be exploited at shortest time as possible and 

(6) (3)    there is always difficulty in tranforming invention into product and if the chain is maintained by the same persons then only the enthusiasm and vigour can be maintained.

Let us now turn our attention to another remarkable discovery in materials science namely Fullerene or C60.    C60  is a molecule consisting of 60 carbon atoms arranged as 12 pentagons and 20 hexagons.   The shape is that of a soccer ball.   The black pieces of leather in a conventional football are the pendtagons and the hexagons are white.   There are 60 different points where three of the leather patches meet. Imagine a carbon atom stiiting at each of these points, and one should have a model of C60.The striking property of C60 is its symmetry.   There are 120 symmetry operations like rotations around an axis or reflections in a plane which map the molecule onto itself.   This makes C60 the molecule with the largest number of symmetry operations the most symmetric molecule. 

Based on a theorem of the mathematician, Leonhard Euler, one can show that a spherical surface entirely built up from pentagons and hexagons must have exactly 12 pentagons.   Depending on the number of hexagons molecules of different sizes can be obtained.   These molecules are called Fullerences after the American architect Richard Fuller who is renowned for his geodesic domes that are based on hexagons and pentagons. Even earlier to this such a construction was known in the dome of the first planetarium built in Zeiss in 1922.   It  should not be a surprise that a shape as symmetric and beautiful as that of C60 molecule has occupied the minds of many artists and mathematicians over the centuries. Probably it was already known to Archimedes ( after all, it is one of the Archimedian solids!).  Kepler coined the name truncated icosahedron for this shape and an example of this shape in art is known in ancient Italian cathedral.   This example shows how todays materials scientists have to possess domain knowledge in other areas of science so as to expoit or generate new materials. In fact ancient Indians marvelled in the architecural ability and the stones and shapes they have created may lead to many more discoveries in materials science!

If one were to trace the history of high Tc superconductors research (the growth curve is shown in Fig.1) or that of aerogels or the chemistry of plastics (first page of a typical chronology of plastics is reproduced in Fig.2.)  one will be suprised to note that ancient and modern Indian contributions are missing for some reason or other.

Indian material science has many advantages. Among the various domains of physical sciences, activity in modern material science has started in India almost at the same time as that of the advanced countries.   In addition, researchers in material science field have been working on similar materials like high Tc superconducting mterials, carbon nanomaterials giant magnetoresistive materials. Hence there is every likely hood that indian material scientists can come up with new materials which can be exploited for device applications. However scientists in material science research in India probably lack in the finish of the materials so as to transform them into devices or they are not aiming at achieving the devices out of their materials.   Whatever may be the reason for this lack of will power to reach the finish line of making the materials into devices, the materials science research in India is on par with that of other countries.

 

Material scince research today is a multidisciplinary activity, starting from synthesis ending with device and performance of the devices.   Normally not only professional skills are required the literatue in this field is well spread out from basic chemistry journals to ther engineering journals as far as Journal of Aircract Engineering and Aerospace Technology.   These publications not only keep pace with the laterest materials, procedures and technological innovations but also impart knowledge how to use the new materials successfuly to achieve greater all round performance, safety and cost efficeincey. The information explosion in this field is enormous and it is necessary one has to device various different strategies to assimilate and organise the information and also put the information to proper and appropriate use.

 

