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I have been given the opportunity here to say something on the theme of carbon; perhaps to look a little into the mystery of carbon from a certain angle that interests me. If you have concerned yourself with this substance, with this being in the world of substance, you would of course realise that the hour or so we have at our disposal is insufficient even to begin to cover the theme. I will do my best and would like to see us make some progress into this matter, into the nature of this substance. 

We are familiar with a simple experiment frequently performed in schools. We put a piece of dried plant material, for example wood or a fruit etc., in a test tube, close it with a bung through which passes a little tube and heat it over a Bunsen burner. I have just described how to make a miniature charcoal burner. We then see steam, vapour and smoke coming out of the little tube. If we hold the flame to it for longer we will notice that what is inside shrinks and burns. Something brown deposits itself on the sides of the test tube. If we continue heating this brown substance that has condensed, it turns black and we can no longer see into the test tube. If we really heat the tube and make it glow to the point that it starts to melt and no more smoke comes from the top, i.e. until anything combustible has emerged, and then let the test tube cool, then the exciting question arises: what is now inside it? 

If we carefully shake what is in the tube out on to a piece of white paper then we are amazed to see that the dried fruit which we put in the tube – I like to use the fruit of clematis which has such wonderfully delicate, feathery pinnation – is still there in all its intricacies and details. Every cell, even viewed microscopically, is still visible. It is a black mass, but life has created all of it. A living plant has produced it, has manifest in form. If we expose the black residue to the air and heat it again we get a little pile of ash. The blackness and the form disappears. There is something in the substance of this plant that makes it possible for everything that has acquired form during the life process to remain. This substance resists extreme, decomposing heat, that breaks down almost everything. 

What kind of substance is this carbon, this charcoal that remains and makes it possible, whilst in a brightly glowing state, to preserve the finest structures that were there? What is this substance that we come across wherever there is life; where the living world makes all kinds of substances, be they protein, carbohydrates or fats – the three important basic substances that all life synthesises – or all other organic compounds which we can encounter in their diversity in the world of substances and which altogether would far overwhelm anybody's ability to remember?  Life is tremendously structured, only this structuring is in the substances. And here is the connection with carbon, which is to be found in all these organic substances, contributing to their form and retaining that form when heated. 

What is this blackness that we find in the burnt charcoal? It must be heated in the absence of air of course, otherwise it would be burnt away – we shall come back to this again soon. What is this blackness? What basically is black as a colour, as a sense impression? Why is something black? When I ask such questions of pupils they are at first a bit surprised that one can ask such a question at all. 

When I hold a white sheet of paper and a black sheet of paper under a lamp, both are equally illuminated by the light. Why is one darker than the other? Black is something that absorbs the light and thus appears black to us because there is no light left that could be reflected back to us. The light disappears into it and the physicist then asks what we can still observe when we look at light falling on something black. We can experience heat and the physicist replies, 'Right, and the light energy has changed into heat energy'. But if we take seriously what Rudolf Steiner said in his Scientific Courses, namely that from a spiritual viewpoint heat and light cannot be lumped together; that they are two fundamentally different beings and the fact that when light shines on a black surface and it warms up should be interpreted not as our having turned light into heat, but that the penetration of light into this substance enables heat to appear. This means there is no causal connection between light and heat in the way that one turns into another. I will not go into this further just now. 

If for a moment we just take Steiner's statement seriously, we come up against an enormous riddle. When a piece of black carbon dug from a coal mine is lying on a slag heap it is black and will be black in a thousand years and will be illuminated by light every day. Where then is the light constantly going to when it enters this black substance and disappears if it is not transformed into heat energy? If it is an interaction between two beings, between light and heat, where does this light go to? That is one of the riddles connected with this black substance.

I will now point to a few other phenomena of carbon simply to remind you. If we heat carbon in the absence of air then it changes in such a way that at a certain point it is no longer white but begins to glow. It can shine white hot but stays solid even if we can heat it to 1000 degrees Celsius or even 2000 or 3000 degrees, temperatures that we can no longer imagine. We would still experience both as hot, being unable to distinguish our experiences of 2000 and 3000 degrees. We would not be able to bear it. The carbon remains solid at a temperature where most other substances have become fluid or gaseous and only one of all known substances still stays solid at a temperature of 3800 degrees where it changes its state of aggregation. What lives in this substance that can resist heat and be able to stay solid? How can it keep in the solid aggregate state when constantly exposed to the decomposing power of heat; for heat always tries to scatter or spread everything into the surroundings, to rarefy things? 

Carbon can resist the influence of heat to an incredible degree and in addition shows almost no expansion during heating, not increasing in volume, something that very few substances can do. We recognise this when we heat iron so it gets very hot without melting. This bends iron girders into curves because iron expands so much. Carbon remains stable. This property is a blessing to firemen when they have to put out a fire in a timber-framed house. They can leave via the timbers because they are still standing. If they test one with a hammer and it still glows and is stable they can cross on the glowing timber. This solidity of carbon that remains in place in a burning timber-framed house imparts tremendous security. 

When we think what force is needed to resist heat, we realise it is one that strives to the centre, that holds things together, is strongly centre-oriented. If we then picture these high temperatures and wonder if such a force is at work in this substance, we would think it must be incredibly dense in order to be able to resist expansion. But now comes the really astonishing thing. Carbon has a density of 2.2 g/cm3, i.e. only about twice the density of water, thus has absolutely nothing of solidity in a compressed form. Something else must be at the bottom of it, something that can preserve solidity but is not caused by becoming compact and dense, i.e. not an earthly densification. It is quite another structuring force that produces this solidity.

We shall now look at it from the mineralogical angle. Graphite, black carbon, which also has no ash components in it, no longer contains other organic compounds This is the case with charcoal when it has become truly crystalline carbon to the extent that it looks crystalline to the naked eye. It is an extraordinarily soft, greasy substance. Those of you who ride a bike will know of graphited chain spray. Graphite is an excellent lubricant. It does not go resinous because it is already dry, so dry that the little crystal scales we have before us do not stick to one another or go into lumps, but always retain a mobility amongst themselves in a state of slipperiness. If we study graphite closely we can see that it is made up of little six-sided crystalline scales. It crystallises hexagonally in six directions, three axes around a vertical axis, and it forms totally flat scales, i.e. the vertical axis is almost absent.

You are all familiar with quartz crystals and their six-sided prisms. Picture a six-sided prism, it could also be an aquamarine crystal. Imagine yourself standing inside it without the pyramid – in crystals you often get these straight surfaces running away from you – standing inside such a six-sided cylinder, such a prism. Now we shall change it into a graphite crystal. What do we need to do? We must increasingly give up this vertical axis. We would have to sink into ourselves, sink into an extremely flat sheet that extends merely horizontally. What in our experience is this vertical axis? It is the force that allows us to keep upright between the forces that tend to compress and the forces that stand opposite to them as cosmic forces, as the space out of which light comes to us. It is the axis which gives a polar direction for developing a force to stand upright against gravity. But in graphite crystal formation we can observe a total absence of this axis. It is surrendered to the surface. As a crystal it is like a boundary phenomenon between the non-earthly and the earthly realms, between the two worlds of cosmos and earth. 

Yet this six-sidedness conveys something else to us. This being surrendered to forces that come from the earth and spread out in the boundary region happens not in a forwards-backwards or right-left manner, as we experience in the earthly realm, but in a hexagonal form. We are familiar with this hexagonality from stepping the radius round the circumference of a circle. The circularity of a circle in fact lives in this hexagonality when something becomes crystalline, when it solidifies. The circularity connects with all directions. It is something incredibly mobile, on the one hand present as mobility in the round spheres of water droplets and on the other hand flat in crystallisation. 

In its six-sidedness, graphite lifts itself once more out of the earthly. It is extremely dry, so dry that it does not dissolve in boiling water and makes no connection with the aqueous realm. But it is so soft and clingy that it deposits itself on anything, forming delicate, thin surfaces as if it wants to make contact with everything in the world of form, of shape, of matter and to stay in contact with it. 

One of the greatest riddles is that in graphite we have before us something which is no longer as black as soot or charcoal but which is somewhat shiny. An almost metallic shine meets us. If we take a dish containing scales of graphite we can see the glittering and reflecting, yet there are parts that are dense black. This dense blackness is where the little crystals stand on edge and we are looking at the edges, at the almost non-existent structuring of space of these little six-sided scales. Where these scales form surfaces there is reflection. It is almost metallic, and graphite does indeed have many properties that make it a semi-metal, for example its good electrical and thermal conductivity. 

What then is a metal? Please excuse me when I put certain things in such an aphoristic way at first. A metal is a material that is so densified in itself that it no longer allows light to penetrate it. It throws light back again. Matter has a mass, i.e. something that can be weighed, something that in essence would move towards the centre of the earth if it could, and always gets as near to it as possible. This concentrating, compressing is a force that moves towards a point, and material things, when compressed, increasingly oppose the light, getting darker and darker. In the metallic state matter has reached such a degree of compression that light can no longer penetrate it. It closes itself off to light and becomes more compressed. 

Graphite, with its density of only 2.2 g/cm3, is a substance that shines like a light metal. We get the impression: Oh yes, now all we need to do is compress it a bit and it will become metallic – just a bit more pressure and it will be a metal. It already excludes light completely. What all matter produces under compression, even the lightest of the known elements, hydrogen, is metallic under the appropriate conditions of pressure. Hydrogen, a gas with a very low mass that the earth cannot hold on to, that escapes into the cosmos, that is permeated so much by inner heat that the earth cannot retain it, under appropriate pressure acquires a metallic character. Astronomers describe such pressure conditions in the centre of Jupiter where hydrogen has acquired a metallic property. It has also been possible to produce such pressures under laboratory conditions and, for example, make hydrogen exhibit electrical conductivity. We can also subject graphite to the artificial high pressures of 40,000 to 50,000 atmospheres. The human being cannot stand even a 40 to 50-fold increase in air pressure. The significance of normal air pressure is not so obvious because it is around us all the time. We only experience it if we remove the air from a cavity, for example a food tin. It is not that the reduced pressure collapses the tin but rather that the lack of air in the tin means it can no longer press outwards and the metal is too weak to resist air pressure pressing the walls of the tin inwards. Many times this pressure is applied to graphite and we experience the riddle that everyone knows about, but nevertheless finds hard to comprehend – diamond is produced. 

Graphite does not turn into a metal but instead becomes the hardest substance found anywhere in nature. It becomes totally open to light. It interacts with light in a way not shown by other materials. It refracts light very intensively, slows down the speed of light, as physicists put it. The speed of light is slowed to half its normal value. But diamond is open to light a way that that out of diamonds light comes to us again in a radiant form and gives us the impression that it has been intensified, made more powerful. 

So what happens at the moment when the black substance, when placed under a compressive influence that is still earthly, suddenly becomes transparent? This contradicts any sort of logic. When I have something that is matter, that has a mass, that opposes light the denser it becomes, when I compress it then it must oppose the light still more. There is no escaping this. According to our normal experience it should become metallic. But it turns into diamond instead. The substance has essentially not changed. We can burn diamond just as if it were graphite, only we need to heat it somewhat more. Its combustion temperature is about 800 degrees Celsius as against graphite's 700. And afterwards we cannot say of the combustion product, of carbon dioxide, whether it was previously diamond or graphite. It is the same being only with a totally different face, one which it acquires under earthly conditions that we are able to understand, under the gravitational force which influences it through the pressure from above. 

There is only one possible way of explaining this. The process of compression, that darkens matter with what makes matter dark, must be taken to its conclusion. But what does taking it to its conclusion involve? It would mean that the space that is compressed gets smaller and smaller, then smaller still, and finally disappears into a point. If just these compressive forces were present, what makes matter dark must disappear into a point. Is this conceivable? It is a very unusual thought. The matter itself remains. It does not disappear. But what makes matter dark – and indeed compression makes matter darker still – disappears. But how can it disappear into a point? Where is something when it is no longer present? What in fact is this point? It is not as if in the middle of diamonds there is a tiny little black point. They are completely clear. Yet the darkening tendency has totally disappeared into matter. 

It is perhaps easier to find a way into this problem by looking at it geometrically. At the point it becomes infinitely small, i.e. removed from all spatial relationships. And when I am at infinity there is no infinitely small or infinitely large. Large and small are spatial concepts. If we are at infinity, there are no longer any spatial concepts. Whether we go to the expanded, infinitely extended space or to the infinitely small space, in that moment when we leave space we can no longer express ourselves with spatial concepts. When we are no longer in what creates the normal spatial world, then we are in the infinite. This means that what produces darkness in matter turns into something that is now not an abstract geometric concept but must be a reality in a world that we can call the world of infinitude, in a world that is not a spatial world. This is another realm of being which is not material and does not have mass or darkness in it. When I follow this path to the centre and disappear into it and then return into space I do not come back from the centre point but from the periphery. In geometric, mathematical thinking this is obvious. We all know it even if perhaps we cannot easily think of a line disappearing in one direction and returning from the opposite direction. 
What is this moment of not being in space? It is a traverse through something and then a return again from another side. It means diving into a world in which we cannot have any spatial orientation of the usual kind. When in this compression process we disappear at one point into the infinitely small and return from the other side then suddenly we are in the light. It means that, in the process that obviously takes place in the formation of diamond, darkness itself, i.e. what makes matter dark, is taken into this other realm and disappears. Yet we can only think this concretely if we accept the reality; and we do not argue that infinity is only a geometric abstraction but instead accept it as a cosmic reality which we experience directly from carbon. Otherwise we would go no further in our thinking, merely letting this darkness disappear under these processes of compression. We would think they make the substance darker and darker and it should become metallic. In this process of transformation, in this riddle of diamond's becoming, it is as if there is something present, that this carbon represents a being which can remember something, that it has lost the material, spatial world. 

Astrophysicists start all star-formation processes at the gaseous state where something is being compressed. However, let us not start with hydrogen but accept that preceding the formation of the cosmos there is a spiritual reality. It can be found in all religious scriptures, and Rudolf Steiner frequently indicated ways of not just having to accept it as belief but rather of being able to find entrances into such a world out of which everything spatial in the cosmos has come into existence, of being able to penetrate it with our understanding. 

Matter which, apart from surrounding us, lives only in this earthly spatial world under compression in space and is merely densified at a co-ordinate point, at a point in space. This point at which the compression is focused has no particular quality. It is merely a point in space. But in carbon, this point has another quality. It is the point of connection to another world that is not in the physical. And by going through this needle's eye the dark force in matter can disappear and produce diamond, the hardest earthly product, which is then placed in crystalline form in the earthly realm. The carbon is no longer a flat scale but now presents as an octahedron in the cubic system with three axes of equal value. This means that when we enter this system with three axes of equal value and experience it from within, there is no above-below as a specific direction but instead each direction in the crystal has equal value. We are then totally within the earthly forces, completely given up to them. But our octahedron stands not heavily on the ground like a cube but on one tip of a double pyramid. This expresses the lightness of this crystal form which is why Plato assigned the element air to the octahedron. I cannot go into the details of this here. 

These things are immediately understandable from a crystallographic standpoint. There is something contradictory about the octahedral crystal form, namely its lightness and its being totally bound into spatial relationships and yet open to the light. And if it is not open to the light, an absorber of light, a glutton for light, the light is absorbed and absorbed and absorbed. Then it passes completely into the earthly realm and goes through a transformation. Carbon, here described only in some physical, mineralogical properties, forms the basis of what everything living needs to manifest itself in an organism on the earth. It is the key to being able to acquire form. No organic substance can have form without carbon.

Now let us go into the chemical processes for a moment in order to look at a few more things such as when carbon burns, combines with oxygen and a gas is formed. We are again confronted by a riddle. In burning, carbon gives out an extremely large amount of heat. This is the heat of combustion. It means that the product of burning any substance is something cooled down into matter. Oxygen is a substance that always causes other substances to give out heat and to descend into a more earthly state. We describe reactions that set free heat as exothermic. The process is an inner compression or cooling down process. Carbon, through burning, is once again compressed. It has an incredible power of resistance and yet it is affected by oxygen. This too is unusual, i.e. it is a solid body which given the right amount of heat ignites in the presence of oxygen and becomes a gas. 

Metallic iron melts around 1500 degrees and vaporises at over 2000 degrees. Iron, a substance with much less heat resistance than carbon, when brought into contact with oxygen is oxidised and produces heavy red rust, its oxide. Carbon is permeated with oxygen or oxygen permeates the carbon. Both form a unity together which appears to be homogenous. We cannot distinguish any separate entities placed side-by-side in the chemical compound. As in the case of iron oxide, the oxygen takes its gaseous nature into carbon and the latter becomes a gas. We can also experience this gaseous nature in iron. Oxygen loosens it up. It is no longer a material that repels light, but the red rust is a substance that interacts with the light that enters it. It is loosened up by the gaseous nature of oxygen but is not turned into a gas. Carbon, as carbon dioxide, becomes aeriform, a gas. 

Now we come to the point where the soil is brought into the living realm. What do plants do? They take carbon dioxide from the air as well as water out of the soil and carry out a process in their green leaves which we very aptly term 'photosynthesis'. Here, something happens between carbon dioxide and water mediated by the living plant organism such that light is bound into a material state and sugar forms. And the sugar that forms there results in a quantitative relationship between carbon and water of 1:1; for in this process the plant also forms oxygen which escapes again and enables us to breathe. It is not that carbon and water are directly combined but it is a very complicated process chemically. However, the result is that water and carbon permeate each other in a 1:1 relationship. It means that carbon, with all its properties that I have described, comes into a relationship with water by means of light so that they can permeate one another. It also means that the plant itself can take up the light and turn it into a material state. 

I think we can now sense that it probably has something to do with carbon that has its capacity as black carbon to absorb light – absorb it and absorb it – and in addition become open to the sphere of light in which darkness goes through a certain point. There is a deep inner relationship of carbon to light, though carbon is wholly of the earth, brittle, earthy, dry, cold, yet not so much so that it is not accessible to the effect of light, not even repelling light but allowing it to penetrate. In photosynthesis sugar is formed and we can once again separate it into black charcoal and water by heating. The water can be driven out of the sugar by the heat and we are left with the dry charcoal with all the transitions in the caramelisation process. Light is bound into the substantial state. When we eat sugar we are not nourished by the substance sugar. We breathe out the carbon dioxide again. The water leaves the body by various routes. What is left for us is what the plant has been able to fix as light. Described physically it is that light energy has been changed into chemical energy, that light has become material, has been brought into the physical realm and allowed to become active in a physical process. The plant then becomes active in shaping its form together with the light in the substance carbon. 

Oxygen, hydrogen and nitrogen are combined in an enormous variety of changing forms and structures. Structural chemists try in various very complicated ways to illustrate such structures but the illustrations never reproduce anything of the reality because the forms are dynamic and the illustrations can only ever be a snapshot. It is the carbon that makes the structuring possible. Water, with its very great heat content, can take up life but it cannot make structure. It does not have the shaping and forming potentials within itself. But carbon has them in the highest degree, not only in interaction with other substances, but with itself. Carbon combines with itself. Apart from the two modifications of carbon, graphite and diamond, a third is known, the so-called fullerenes. Pictured in molecular terms, these are spherical structures, highly ordered constructs of pure carbon, but inherently incredibly structured. You all know about carbon-fibre technology. We have come across it increasingly in the last fifteen or twenty years, for example in hang-gliders or bicycle frames, and everywhere that great stability is required. This technology uses the capacity of carbon to combine with itself and then be introduced into very specific structures which produce a high degree of rigidity. 

Carbon does not take on form in a fixed way. It has a capacity to make form and is open to something that is not of an earthly nature, namely light. Light penetrates it and through the material carbon forms another material which is no longer an expression only of material existence, but an expression of life. I think it is a tremendous riddle that we are confronted with, i.e. what carbon makes possible. What would we be without carbon which maintains a connection to a non-spatial, non-earthly realm in the way I have tried to show you? We have a material that has not completely descended into the earthly realm, or, by its descent, forgotten its origin. It has become dense, but in all its darkening in matter it has maintained the power to preserve its origin and be open to it. It keeps a connection to the spiritual world and is thus able to overcome the darkness in the cosmos.

I should like to quote a paragraph from Rudolf Steiner's Agriculture Course, from right at the beginning of the third lecture. There he talks about carbon and says:

There has been much chatter as to what the Philosopher's Stone may be. Very little has emerged from it. When the old alchemists and such people spoke of the 'Stone of the Wise', they meant carbon – in the various modifications in which it occurs. They kept the name so secret and occult, only because if they had not done so, anyone and everyone would have possessed it.

So here Rudolf Steiner again veils it in an alchemical way. If we go to Aldi and buy five kilograms of barbecue charcoal we do not take away five kilograms of the Philosopher's Stone. Solving the riddle does not just involve knowing it is carbon. It means, not merely accepting it as an external fact and as a riddle of matter, but as a wake-up call to try to find this process in ourselves, to find this path of not escaping the earthly realm but engaging with it, being given up to it in the same way as graphite is given up to the earthly realm and then gives form to the earthly process of compression, taking it to its conclusion so as to emerge once again into the light. It is letting the darkness die into the earthly realm and be resurrected in the spiritual. It is overcoming the darkness, which makes only surfaces accessible to our eyes, in order to come into the light. Then there is nothing that cannot be reached with a spiritual gaze that increasingly learns to see through the darkness of matter. The more we succeed in going through this process of not rejecting the darkness but take it with us and bring it into the light again in order to enter into a state where there is no longer death in the sense of darkness, where death is not a limit beyond which I cannot see but a transition into another cosmic state – just as when, under compression, darkness can die away at a certain point which is non-spatial but has a quality that makes a connection to another world – then we reach what the Philosopher's Stone promises, namely eternal life. We do not abandon consciousness in this process. We remain conscious. And the Philosopher's Stone does not mean that we can grow eternally older in our bodies. It means while making the transition through the darkness we keep our eyes open so as to enter into the light.

I would like to quote a second small piece from Rudolf Steiner's Agriculture Course, this time from the first lecture:

Why, for example, is it impossible to-day to eat such potatoes as I ate in my youth? It is so: I have tried it everywhere. Not even in the country districts where I ate them then, can one now eat such potatoes. Many things have declined in their inherent food-values, notably during the last decades.

Here, Rudolf Steiner goes into the quality of food and in the second lecture he touches on the cause of the reduction in food-value:

This decrease is indeed connected – like the transformation in the human soul itself – with the ending of Kali Yuga in the universe during the last decades and in the decades that are now about to come. You may take my remark amiss or not, as you will.

Rudolf Steiner gives the date of the ending of Kali Yuga as 1899, the end of the Dark Ages. He says that that was the moment when the spiritual world ceased to be closed to the human being but was opened once more. Only, we have become accustomed to life in the darkness. In that customary life there is no need to open our eyes. We can go on feeling our way about quite well. And this is why Rudolf Steiner spoke so very urgently about this. Two sentences later he says:

Mankind has no other choice. Either we must learn once more, in all domains of life – learn from the whole nexus of nature and the universe – or else we must see nature and withal the life of man himself degenerate and die.

We need to return once again into the light, to open our eyes and be awake to the light – please allow me to put it this way – to the light that does not illuminate because it bears within it the darkness, to the light that is related to infinity, to the light that is not a physical light. Light would be physical light if darkness was opposite to light. And this darkness we owe to our self-consciousness and to our freedom which to a large extent we human beings misuse, because we wish to sleep on as mankind, because it is comfortable that way. And we do not carry through the carbon process to the extent that nature and a healthy further evolution of the earth require.

And then there is also the whole carbon issue: we increase carbon dioxide in the atmosphere instead of finding ways to carry through this process so that it does not have to involve a darkening but instead it is set free from the material realm.

And to conclude, please allow me to read something that tells us in such a beautiful way about the process of the formation of diamonds, diamond's becoming, only here describing more how diamond came into being. It is moreover not from book on mineralogy, not even on chemistry, but perhaps many of you have already guessed what I am referring to: it is the beginning of Chapter 1 of the Gospel of St John. If we now hear this from the point of view of carbon and the formation of diamond, then I hope that something is planted in your hearts that can bear fruit in the next conference on the issue of carbon.

In the beginning was the Word, and the Word was with God, and the Word was God.

The same was In the beginning with God.

All things were made by him; and without him was not any thing made that was made.

In him was life; and the life was the light of men.

And the light shineth in darkness and the darkness comprehended it not.

There was a man sent from God, whose name was John.

The same came for a witness, to bear witness of the Light, that all men through him might believe.

He was not that Light, but was sent to bear witness of that Light.

That was the true Light, which lighteth every man that cometh into the world.
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