Камушки/Pebbles
Roald Hoffmann and Aleksandr P. Svitin
Alternative titles: Геометрия движения и сосуществования науки и искусства ; The geometry of movement and the coexistence of science and art 
Somewhere twixt coexistence and symbiosis: art and science in our time.
I do not know what I may appear to the world, but to myself I seem to have been only like a boy playing on the sea-shore, and diverting myself in now and then finding a smoother pebble or a prettier shell than ordinary, whilst the great ocean of truth lay all undiscovered before me.
								Isaac Newton[endnoteRef:1] [1:  Memoirs of the Life, Writings, and Discoveries of Sir Isaac Newton (1855) by Sir David Brewster (Volume II. Ch. 27).
] 


To say today that hose scientists and artists both share in creation is almost a platitude. Yet we have also had with us for more than 60 years CP Snow’s voicing of the construct of “the two cultures” – that the worlds of the artist and the scientist are irreconcilably separate.[endnoteRef:2] How to reconcile these two views? [2: C. P. Snow, C. P. Snow, “The Teo Cultures and the Scientific Revolution.” Cambridge Univ. Press, Cambridge,1962.
] 

	Our aim is to reexaminevisit this interface, the meeting ground of art and science. AThis is all the more important to do so as a flood of technological advances washes over society and culture. AI may change us, but we are certain that artists and scientists will remain, standing for the spirit in secular culture. Without romanticizing them, without worrying about who listens to them, what can we say about the relationship of their labors?
	We have chosen to approach the question in a new way: Many artists and scientists have been prompted to express themselves, or have chosen to do so, on why they do what they do. Their responses are often epigrammatic, sometimes in high language -- they summarize, succinctly. 
The quotes we allude to are scattered along the shores of time and space. We collect them.	
 Our search for what creative and thinking people have said of value about art and science actually has the feeling of a child (three here) picking up stones along a river. In his or her mysterious collection, over time, there come specimens that differ in size, shape, color, pattern, texture. Some of them look like animals, faces, like figures. Some are just pretty, feel good in our hands.They are in the playground of the imagination.
We gather collect pebbles (Камушки, kamushki in Russian) for the mind. It is natural to turn them over,  look at them from every side, write down the thoughts they evoke. An image comes into mind, either of the person quoted, or his creation, or a visual theme evoked. The pebbles, rough as they are, have at least three attributes – a maker and a quote, a brief text, an image. But there is no limit for what the human mind and hands make of them.
We could just scatter the kamushki before you, letting you see the unexpected patterns they make. But we have chosen another way. This is to write a reasoned argument about the relationship of art and science. Then… drop our many-sided pebbles into it.
And…if you find some sections without pebbles, they are an invitation to you to lift them out offind them in your brook, and with admiration for human ingenuity, place them where they belong.
Here is a summary of how we will reason (or meander):
Kamushki/Pebbles
(Section summaries in 19th century format, plus two columns at right with just bookkeeping of number of quotes and images at this point. This will change with each draft. Also: the last two columns are just for us, as we proceed; They will not appear in final manuscript…
	
	Introduction

	
	Together or Apart

	
	Commonalities

	1
	Joined in Creation. They are acts of human creation, both. Sculptures do not grow on trees. And…both try to avoid ethics.

	2
	Craftsmanship. For the arts and science, this – that both thinking and doing are engaged and cooperating – is our finest link. The world is integrated, and becomes a poem.

	3
	Representation, a Bridge. Represent we must. Through resemblances and metaphors, every kind of analogical reasoning you can imagine. Though science tries to hide metaphor, at times. A special relationship to Nature.

	4
	An Economy of Statement leads to intensity. Equations and the tea ceremony. Enabling understanding, turning on feeling.

	5
	The desire to communicate what has been created or understood is inherent to both art and science. Even as barriers to communication seem impassable. Science and art are cross-cultural in touching people. Or are they?

	6
	Fantasy and imagination. Clearly a desirable aspect of creation. With limits…

	7
	Attention! Close observation and patience. One can never have too much of these.

	8
	Synthesis and Analysis. Taking things apart. Yes, but in order to learn to put them together. Perhaps build something new.

	9
	Drafts and Hypotheses. The tentative marks the road to creation. Actually, that’s where it happens.

	10
	A curious combination of selfishness and altruism.  We create, and rejoice in the understanding and beauty we have achieved. But part of the pleasure we feel is surely that we have brought into the world something that we can share with others.

	11
	[bookmark: _Hlk135318450]Storytelling, with a but. Both science and art tell stories, yet have an ambiguous attitude toward the act. No “just so” stories for us scientists, please. And, in art abstraction does not need a story.

	12
	A common aesthetic, one that has a place for both simplicity and complexity, and another for structures.

	13
	Doubt and Trust. In part a sine qua non of science, in part a psychological correlate of all creative activity. A tension.

	14
	Regularity and complementarity. Understanding=order in the universe, to be discovered by orderly procedures.Or inspiration But what if there isn’t just one way of seeing things?

	15
	Movement to the unknown. Pace scientists – the questions that admit of a unique answer form a limited set.  Can art help?

	
	And Differences

	A
	The currencies in which achievements are valued: Emotions and numbers.

	B
	The role of ambiguity. In a way central in art, not so in science.

	C
	Infinitely paraphrasable universals  vs. the single particular. Theories of everything vs what is to be found in a drop of dew.

	D
	Solutions vs Resolutions. The arts speak through all the senses to a world of resolutions. Which suffices.

	E
	Divorce. Incompatibilities that cannot be reconciled. Giambatista Vico and Isaiah Berlin. Negative Capability.

	F
	What society is willing to pay. Not much to the arts and the humanities.

	G
	 Appraisal. So, is this good science? Is this good art? Specialist expertise and flawed popular opinion.

	GH
	Myth. An absolute good to the artist. For the scientist, to be avoided. But…

	
	Twixt Nostalgia and Wishful Thinking. Not everyone is on board.

	
	A Commonwealth in FormationEnding



Together or Apart
	No need to rehearse C.P. Snow’s argument of The Two Cultures. Two or three pebbles will serve as well to pose the problem: 
	David Hilbert (German mathematician 1862-1943), speaking of a student after learning that he had dropped mathematics to become a poet.  “Good,” Hilbert said, “He did not have enough imagination to become a mathematician.”[endnoteRef:3] [3:   Darling, David J., The universal book of mathematics : from Abracadabra to Zeno's paradoxes, 2004, Wiley, Hoboken, N.J. p. 151. The quotation appears in innumerable variations, here is one:
"Er ist Schriftsteller geworden, für die Mathematik hatte er zu wenig Phantasie, aber für die Dichtung reicht's!" - Auf die Frage, was aus einem seiner früheren Studenten geworden sei.
 Zugeschrieben; https://www.quotez.net/german/david_hilbert.htm
	None of the variants we found give a source  (we thank Henrik Spoon for joining in the search).  As evidence, we cite “Kommilitone Schmidt-Lüdenscheid ist unter die Dichter gegangen, für die Mathematik hatte er zu wenig Phantasie.", sagte mein akademischer Lehrer in einer seiner Vorlesungen. Der Platz eben dieses Studierenden war tagelang leer geblieben, weil der ein Germanistikstudium begonnen hatte. Solch ein Ausspruch wird auch vielen anderen Mathematik-Professoren nachgesagt,” in Jodokus Rauschebart,  Lachen über Wissenschaften: und das tägliche Leben, e-book, many sources. ] 

Oof. In two sentences Hilbert manages to insult both his colleague and poetry. Let’s slough off the clever nastiness, and look at the underlying convictions. The first, of course, is that you have to have imagination to do mathematics.  The second is an attitude that one of the authors also has encountered, and that is a certain condescension toward the arts and the humanities. To be sure mixed with admiration. The looking down is expressed in a variety of ways, perhaps epitomized by a statement such as “If free will and determinism can be discussed by a group of first-year university students, and the question hasn’t been solved after 2500 years of loose talk, what’s the use of talking about it?"
Hilbert’s dictum would be more meaningful if he would have shown knowledge of poetry, or even interest. Without his understanding the role of imagination in work of poets, what exactly is the value of the statement besides its cleverness? 
[image: Hilbert.jpg]
David Hilbert. [source of image]
 Karl Weierstrass (German mathematician, 1815-1897)
” True, a mathematician, who is not somewhat of a poet, will never be a perfect mathematician.”[endnoteRef:4] [The endnote will have the quote in the original language in which it was made. If we can locate it…Hunting down the original versions of quotations has aspects of The Telephone Game] [4:      ‘... es ist wahr, ein Mathematiker, der nicht etwas Poet ist, wird nimmer ein vollkommener Mathematiker sein.”
            Letter to Sofia Kovalevskaya, August 27, 1883, as shared by Gösta Mittag-Leffler at the 2nd International Congress for Mathematicians in Paris. Compte rendu du deuxième Congrès international des mathematiciens tenu à Paris du 6 au 12 août 1900, Gauthier-Villars (Paris), 1902, page 149.
] 


This is better. Weierstrass recognizes the value of poetry. The comment implicitly and explicitly appreciates the role of the imagination. Contemporary mathematics soars with imagined structures, as do our novels and musical compositions. Yes, there is routine work in both poetry and mathematics, but the imagination is recognized. The Weierstrass quote raises immediately a question, which we will not evade. Is the form of the mathematical imagination and the poetic one the same? In what currency is our judgment of quality made or paid? And, is the imaginative work of science and poetry in some way translatable?

The Weierstrass quote acknowledges the value in poetry, but we wonder if it doesn't also underestimate poetry by acquiescing in the all-too-common judgement of poetry as a whimsical endeavor—the finishing flutter. It seems to suggest that poetry can add to the substantiality of mathematics some needed playfulness and perhaps the unexpected connections of grace. But why can't poetry add to the substantiality itself, and why can't mathematics act a bit of refinement and grace to poetry?[endnoteRef:5] [5:  See “Great Circles: The Transits of Mathematics and Poetry” Emily R. Grosholz, Springer 2018
] 

[image: Page 1 from Axel Harnack's notes on lectures on elliptic functions by Weierstrass, 1887]
This is a page from Axel Harnack’s  notes from Karl Weierstrass’s 1882-83 series of lectures on applications of elliptic functions. Note the narrative element in these notes – text and equations combine to shape a convincing story. In contrast, how inhuman is a typical Science or Nature article, with all the illustrations lumped together in an omnibus figure with parts (a) ….(z), all surgically separated from the text that desperately calls out to them. All this when the computer has made a Gesamtkunstwerk of text and picture integrated so easy to generate! 

It has been said more succinctly, by a scientist who also was an artist
Santiago Ramón y Cajal, Spanish neuroscientist, 1852-1934.

“Only artists are drawn to science. A la ciencia no van más que los artistas”[endnoteRef:6]  [6:  Maria Angeles Ramon y Cajal Junquera. “Cajal, artista,” Madrid Médico. 17 Oct. 1985, p. 13.  Cecilia J. Cavanaugh, “New Lenses for Lorca,” Bucknell University Press, 2012, explores the relationship between the poet Federico Garcia Lorca and the scientists he knew,. Santiago Ramón y Cajal and Pio del Rio Hortega.] 

The arts and humanities also have their sharp arrows, which were likely dispatched earlier.[endnoteRef:7] Here are two great English poets: [7:  Charles Bukowski writes “my friend William is a fortunate man:/
he lacks the imagination to suffer”. The poem goes on along a Bukowski trajectory which is bound to offend. C. Bukowski, “My Friend William” in Mockingbird Wish Me Luck - pg. 59 - 1972
] 

John Keats, English poet, 1795-1821
There was an awful rainbow once in heaven:
We know her woof, her texture — she is given
In the dull catalogue of common things.
Philosophy will clip an angel’s wings,
Conquer all mysteries by rule and line,
Empty the haunted air, and gnomed mine,
Unweave a rainbow….[endnoteRef:8] [8:  John Keats, Lamia, II, lines 229-37 in The Poems of John Keats, ed. Miriam Allott, London, 1970, 645-6.
] 


Wlliam Wordsworth, English poet, 1770-1859
Sweet is the lore which Nature brings; 
Our meddling intellect 
Mis-shapes the beauteous forms of things:— 
We murder to dissect. 

It seems pretty clear where Wordsworth’s sympathies lie. But in the very next verse, the last one of his poem “The Tables Turned”, he does not have the time of day for Art either:

Enough of Science and of Art; 
Close up those barren leaves; 
Come forth, and bring with you a heart 
That watches and receives.[endnoteRef:9]  [9:  William Wordsworth, 1798. https://www.poetryfoundation.org/poems/45557/the-tables-turned has the full text of this poem.
] 


And Wordsworth was a friend of one of the leading British scientists of the period, Humphry Davy, and often spoke of Davy as an inspiration.[endnoteRef:10],[endnoteRef:11] [10:  See Maurice Hindle, “ Humphry Davy and William Wordsworth: A Mutual Influence” Romaniticism 18.1 (2012): 16-29.
]  [11:  For further instances of Wordsworth’s complex attitude toward science and poetry (and William Blake’s as well), we found useful and readable the essay by Paul. A. Cantor, “The Scientist and the Poet.” The New Atlantis, Number 4, Winter 2004, pp. 75-85.
] 


 We’ve heard them phrased along the lines of “science dissects the flying hawk”, with the implication being that science takes away from the wonder, reduces it to “facts”.  And who can blame the questioners when we look at the financial resources flowing  in our societies to science and technology vs. the arts. We will provide the numbers in time. 
For the moment, let us just recognize the contrasting views. Sharp stones – they will not fit next to each other in a mosaic. No matter, they serve to define, in their reason and unreason, opposing perspectives on the two cultures. We are inclined to a prescription voiced in  A. R. Ammons’ poem, “Hymn”: 

[bookmark: _Hlk135656636]A. R. Ammons (American poet, 1926-2001) 

HYMN
I know if I find you I will have to leave the earth
and go on out
     over the sea marshes and the brant in bays
and over the hills of tall hickory
and over the crater lakes and canyons
and on up through the spheres of diminishing air
past the blackset noctilucent clouds
           where one wants to stop and look
way past all the light diffusions and bombardments
up farther than the loss of sight
    into the unseasonal undifferentiated empty stark
 
And I know if I find you I will have to stay with the earth
inspecting with thin tools and ground eyes
trusting the microvilli sporangia and simplest
     coelenterates
and praying for a nerve cell
with all the soul of my chemical reactions
and going right on down where the eye sees only traces
 
You are everywhere partial and entire
You are on the inside of everything and on the outside
 
I walk down the path down the hill where the sweetgum
has begun to ooze spring sap at the cut
and I see how the bark cracks and winds like no other bark
chasmal to my ant-soul running up and down
and if I find you I must go out deep into your
    far resolutions
and if I find you I must stay here with the separate leaves[endnoteRef:12] [12: 
] 



A. R. Ammons, watercolor, ca 1978. https://rafountain.com/art/gallery/archie/


	The authors are directly involved, hands- and minds-on, even if with different degrees of immersion, in scientific research and in art. And have been obsessed with working out – for ourselves, together, for you – the motions/motives of the inner correspondence of what we do (physics, chemistry, poetry, prose, painting, sculpture, philosophy, theater) We want to intuit and understand[endnoteRef:13] the geometry of movement and coexistence of science and art. Are they to be described by parallel lines, or intersecting yet unperturbed, or bound to cross in conflict? [13:   “Thoughts without content are empty, intuitions without concepts are blind. The understanding can intuit nothing, the senses can think nothing. Only through their unison can knowledge arise.” Imanuel Kant, Critique of Pure Reason (1781), p. 51] 

We begin. 
Commonalities				
Let’s explore the nontrivial aspects of art and science, what we see they have in common. And follow that by what we perceive as their essential (yet always, always underminable) differences.

1. Joined in Creation. Art and Science are acts of human creation, both. Sculptures do not grow on trees. And…both great enterprises of the human mind try to avoid ethics. [I propose we use extended section titles in, in the style of a 19th century novel. They lighten the tone of what we say.]

Beautiful it is, that natural world around us, And worth preserving. The realization is there in our determined contemplation of any weed, in the intense gazing out and in that A. R. Ammons’s poem described so capaciously. And the beauty is in the hands of David Attenborough’s “Blue Planet” cinematographers, the editors making the choices of the clips and their juxtapositions, in creating these marvelous films.
	Nature is beautiful. In the Anthropocene, we must give it peace, to redirect a verse of the Mass.[endnoteRef:14] But Nature is not the only beautiful thing we see and cherish. Sculptures do not grow on trees. Nor does sufficient indigo to dye two billion pairs of blue jeans per year. The realization that artists and scientists create the man and woman-made, the artifactual, the synthetic, the unnatural, with all the connotations and nuances of these words, is very important. Especially for scientists and technologists, for they have been feeling a bit beleaguered in our times, typed as the makers of weapons and the polluting. We need company. [14:  “Dona nobis pacem” from the Agnus dei section of the Mass.  Reference may not be needed – assumption of need to explain it to reader may be seen as insulting?
] 

	The primary Western society ideology is thatIt’s good for people to be aware that we have been put on this earth, so to speak, to transform it. As a friend, Daniel Jay, reminded us, this is not the prevalent idea of many indigenous cultures, who see the humans as in constant touch with the earth in all its aspects. And if we examine the ur-text of Judaeo-Christian culture, Genesis-Breishit, we see two Adams at the outset: one to dominate the world, one to till and tend to it, its steward.[endnoteRef:15] [15:  The elaboration of this duality, the two Adams, is the basis of the first chapter, “Is Nature Natural?” of a book by Roald Hoffmann and and Shira Leibowitz Schmit, “Old Wine, New Flasks: Reflections on Science and Jewish Tradition,” Freeman, New York 1997.
] 

 It is in our nature to change the natural, and we are awfully good at it. But, and this is a very important “but”, that infinity capacity to create does not excuse the absolutely necessary judgment that must accompany the act of creation: Will what we create hurt any human, any sentient creature, this blue dot? Escaping the ethical consideration is something that scientists are not bad at – it’s always someone else who is selling the opioids, and dumping the leavings of our ingenious syntheses. And… how can there be anything in art that can hurt? Tell that to a former lover who recognizes herself in a novel.
	We have no choice but to create. And we must, must worry about how we, or others, might misuse that creation.[endnoteRef:16]  [16:  The recent “Oppenheimer” film, directed by Christopher Nolan, and the story of the Manhattan Project behind the film, show clearly the ethical quandaries for some of the scientists involved in the creation of the atom bomb.] 

	Two pebbles are dropped here:
Kazimir Malevich (Polish-Russian-Ukrainian artist, 1879-1935) :
“art advances toward creation as an end in itself”
Actually, let’s quote a lengthier passage from Malevich’s Suprematist Manifesto, just to let him get himself into trouble:
“And only cowardly consciousness and insolvency of creative power in an artist yield to this deception and establish their art on the forms of nature, afraid of losing the foundation on which the savage and the academy have based their art.
To reproduce beloved objects and little corners of nature is just like a thief being enraptured by his shackled legs. Only dull and impotent artists veil their work with sincerity. Art requires truth, not sincerity. Objects have vanished like smoke; to attain the new artistic culture, art advances toward creation as an end in itself and toward domination over the forms of nature.”[endnoteRef:17] [17:  Kazimir Malevich,  “From Cubism and Futurism to Suprematism” 1915 (or 1905?) translation probably Russian to German to English, needs checking.
  https://www.arthistoryproject.com/artists/kazimir-malevich/from-cubism-and-futurism-to-suprematism/
] 

[image: Kazimir Malevich and “The Last Futurist Exhibition (0, 10)” - The  University of Chicago Library News - The University of Chicago Library]
1905 Malevich Suprematist Exhibition
Artists of the period were prone to manifestos. To be against something (nature, the human form) soon proved limiting – one also needed to be for something. Abstract art’s concentration on form, color, portraying motion and light,  disorder, the relation of periphery and center, proved richer. And we have seen people cry before Rothko’s dark stripes.
You will notice that in beginning with creation, we are not only following the track of Genesis (or of other cosmological origin stories), but also avoiding the metaphor of discovery for what scientists do, and that of creation for artists. That path comes easy to a chemist, for we create the objects we or others then study or appreciate.[endnoteRef:18] In two hundred years of frenetic activity, we have added about a 100 million well-characterized substances or molecules to those that nature has provided us with. [18:  The idea was perhaps first expressed by Marcellin Berthollet.
] 

Why not show you one of these? This is the molecule of imipenem, half of an effective injectable antibiotic, Primaxin, that was discovered some thirty years ago, brought out as a drug a few years later. It was for a good while a steady source of income for Merck, and still in wide use, on the WHO List of Essential Medications.
[image: Imipenem - Wikipedia]  
A model of the imipenem molecule, the primary active principle in Primaxin
The full story of Primaxin is a typical one of the world of antibiotics. In the story one discovers why Primaxin is not just imipenem, the active antibiotic agent, but also contains another molecule, cilistatin. And why imipenem, though obtainable as a product of a mold’s metabolism, has to be made synthetically to be of use.[endnoteRef:19] [19:  Reference to How Should Chemists Think, and synthesis.
] 

	In the next section we will tell you more of how exactly it was made; here we just want to make the point that this molecular does not appear particularly beautiful. Say, compared to a “ferric wheel”, another of the 100 million creations of chemists.[endnoteRef:20] [20:   “Synthesis and Structure of [ Fe(OMe)2(O2CCH2 Cl)]10 , A Molecular Ferric Wheel, Kingsley L. Taft and Stephen J. Lippard, Journal of the American Chemical Society, Vol. 112, pages 9629- 9630; December 19, 1990.
] 

[image: ]
We don’t (yet) want to go into the seductive aspects of symmetry, but tell the beginning of the Primaxin story to bring in utility as a criterion of value. Even of aesthetic value (pace Kant). And utility has its values, not just that of molecules:  Here is a small object made of nylon and silicone, a Tøvolo scooper, spreader and scraper, that can be yours for under $10. If you’ve struggled to get the last specks of a tasty jam out of a jar, this object is for you; the image shows it at work in the creatuob if the quintessential American sandwich:
[image: ]
A Tøvolo scoop/scraper at work
	
	Shall we get back to what artists and scientists create and discover? It is not only objects. It is value and connections. Eliseo Vivas argues that much of art is a merged process of discovery and creation. In an essay on poetry, he writes that what the poet does not do is follow the first verse of Genesis.
Eliseo Vivas (Colombia-American philosopher and literary theorist, 1901-1991)
Rather what the poet does is more like what he (God) is reported to have done in the second verse.  Before the poet comes along the earth, for us, is without form and void, and darkness is upon the face of the deep.  The poet divides the light from the darkness and gives us an ordered world.  If it were not for him we would not see it...The poem reveals to us what the poet discerns through an act of creation.[endnoteRef:21] [21:   Eliseo Vivas, "Creation and Discovery", Henry Regnery Co., Chicago, p. 137 (1955).] 

And he continues:
I conceive of the creative mind as discovering subsisting values...From the standpoint of culture, the mind creates new values, for these were not there before for the creative mind or the culture.  
This also is one of the tasks of science: to discover the connections between disparate phenomena of the world. Science creates not only facts (that a lovely vanilla orchid makes its vanillin in a very specific biochemical sequence) but ways of knowing (how one studies the pathways of biosynthesis, by isotopic labeling and isotope effects), A and thereby create works of science. The best science – Darwin’s “Origin of the Species,” Maxwell’s electromagnetic equations – reaches that goal. For most of us, small extensions of the known suffice. How not to get lost among these?
[bookmark: _Hlk173925635]Johann Wolfgang von Goethe (German writer and statesman, 1749-1832): 
“There are many wonderful things in the world, and this is the task of our spirit: to discover connections and thereby create works of art.”[endnoteRef:22] [22:  In Russian: «Много прекрасного существует в мире разрозненно, и это задача нашего духа: обнаружить связи и тем самым создавать произведения искусства».
] 

WE STILL NEED ORIGINAL QUOTE…RH HAS NOT FOUND IT, IF WE CANNOT FIND THE ORIGINAL, WE WILL NOT USE IT,

[image: ]
Goethe’s ideas on the Evolution of Plants, froma lecture by Craig Holredge
https://www.natureinstitute.org/article/craig-holdrege/goethe-and-the-evolution-of-science

George Bernard Shaw (British playwright, 1856-1950): “You see things; and you say, ‘Why?’ But I dream things that never were; and I say, ‘Why not’” [endnoteRef:23] [23:   From Part I of Back to Methuselah (1921), These lines are said by The Serpent to Eve in the Garden of Eden in the play.
] 

		
2. Craftsmanship. For the arts and science, this – that both thinking and doing are engaged and cooperating – is our finest link. The world is integrated, and becomes a poem.
	The creative act has to be accomplished with fine attention to detail. The scientist’s concentration on minutiae, on the precisely and accurately measurable and reproducible, often leads to a stereotyped image of a dry insensitive personality. Far from it -- the craftsmanship of a good experimentalist, for that is what attention to detail is all about, is not very different from the care and choice exercised by the poet in the choice of word, metaphor, and meter. The Japanese potter’s studied introduction of imperfection, the seemingly haphazard passage from rough, unglazed area to smooth glaze, is hardly an accident. We have been there with artists – many, many pots were reduced to shards before that planned irregularity was allowed to reach our hands.
For the artist, like for many scientists, the work in the studio, the testing of ideas and theories against the reality of things as they are, is critical. Many bad artworks that seem great in their plan and imputed meaning reveal their limitations in the act of making.
[image: ]  [image: ]
A work in progress  in the studio of Enrique Martinez e in his Culver City, CA studio, 2022

Nikolai Dmitrievich Zelinsky (Russian chemist, 1861-1953): 
"We rank highest all intense laboratory work, as a kind of poetic delight of the many forms of all work.”[endnoteRef:24] [24:  «Мы ставим превыше всего упорный лабораторный труд, как полную поэтической прелести разновидность труда вообще». From an article on Zelinskii by L. A. Tvetkov, https://vipsu.ru/when-the-son-of-an-academician-zelinsky-biography-was-born-zelinsky-nikolay-dmitrievich.html.] 

      Nikolai Dmitrievich, as one of the founders of organic catalysis and petrochemistry, was very well qualified to feel the poetry of chemical synthesis. Logic and adventure have been recognized as being essential in its practice. That hard labor is also required was always known to the graduate student in the laboratory. But somehow the transforming role of the work --the seventeenth trial with slightly different reaction conditions, the long wait for a crystal to form, the background sound of the vacuum pump – these are excised from the published account. The magic is the way the meditative turns into the exciting.
[image: Lab work | Tulane News]
https://news.tulane.edu/news/lab-work
In the previous section we mention imipenem, one piece of an effective antibiotic, routinely used in a hospital setting for a range of infections. The molecule is synthesized in a sequence of some  21 major steps, each involving several physical operations: dissolution, heating, filtration, crystallization. Between the starting material—a common amino acid, L-aspartic acid—and the desired product —20 other molecules are isolated and purified. 
To get a feeling for the sweat, if not the blood and tears, of the process, we need to turn to the experimental section of the paper reporting the synthesis. Here is an excerpt of that experimental protocol, describing a critical, inventive step in the synthesis—the transformation from compound A to B (near the end of the synthesis – you can see the resemblance of the piece worked on to the imipenem structure shown in the previous section.:
[image: ]   [image: ]
           A			B
A suspension of diazo keto ester A (3.98g, 10.58 mmol) and rhodium(II) acetate dimer (0.04 g, 0.09 mmol) in anhydrous toluene (250 mL) was thoroughly purged with nitrogen, and then heated with stirring in an oil bath maintained at 80°C. After heating for two hours, the reaction mixture was removed from the bath and filtered while warm through a pad of anhydrous magnesium sulfate. The filtrate was evaporated under vacuum to afford the bicyclic keto ester B (3.27 g, 89%) as an off-white solid....[endnoteRef:25] [25:  «A Stereocontrolled Enantiomerically Specific Total Synthesis of Thienamycin”, T. N. Salzmann, R. W. Ratcliffe, F. A. Bouffard and B. G. Christensen in Philosophical Transactions of the Royal Society of London, Series B, Vol. 289, No. 1036, pages 191-195; May 16, 1980.
] 


You can be sure that this jargon-laden account of an experimental procedure is a sanitized, too linear narrative; it is the way things were at the end: neat, optimized. Not the way it first happened. Putting that aside, you feel work, a sequence of operations that take time and effort. Sometimes, just as in our romantic notions of words springing from the brow of inspired poets, we forget the sheer labor of creation. Even the Creator rested on the seventh day.
You might be interested to see the way these experimental procedures change when the very same process is scaled up. You can't make hundreds of millions of dollars' worth of thienamycin the same way you make a few grams in the laboratory. Here is the description of the industrial synthesis, for the very same step:
The solids containing 200 kg of A are dropped into 476 gallons of MeCl2 in tank TA-1432. Meanwhile, the reactor ST-1510 is cleaned out by a 200-gallon MeCl2 boilout. The slurry is transferred to ST-1510, followed by a 50-gallon MeCl2 line flush. An additional 400 gallons of dry MeCl2 are added to ST-1510, and hot water (65°C) is applied to the jackets to concentrate the batch to 545 gallons where the slurry KF (Karl Fischer) is approximately 0.5 g/1 H2O. Distillates are condensed and collected in another tank.[endnoteRef:26] [26:   B. G. Christensen, private communication.
] 

Making veal stroganoff for a thousand people is not the same as cooking at home for four.
				
 Bill Reid (1920-1998, Haida and Canadian goldsmith and sculptor)” One basic quality unites all the works of mankind that speak to us in human, recognizable voices across the barriers of time, culture, and space: the simple quality of being well made.” 

[image: Raven and the First Men][image: Bill Reid | BC Heritage Fairs Alumni]
Bill Reid at work on his sculpture “The Raven and the First Men”, at Univ. of British Columbia Museum of Anthropology.
		Could one imagine making a bracelet, linked silver triangles with an inlaid braid, without planning it out, making a mold for the triangles (all different), hammering in the decoration?  The synthesis of a molecule shaped like  a necklace – yes, there are such – begins with a plan. Which has to be changed a few times as one moves along, for things do go wrong. But the molecule is also a macroscopic substance, a solid, crystalline, each crystal the blue of aquamarines in a real necklace. And being something real and substantive, this necklace-shaped molecule must be made. It happens, in a wondrous ballet of all the glass vessels you can conjure up, the sequences of heating, stirring, of bubblings, filterings, stinky solutions and mother liquors. It's a long day's night to make it, bracelet or molecule. 
		At the end, there's craftsmanship, the proud, cunning work of human hands and mind, joined in the service of creation.[endnoteRef:27] [27:  “Science and Crafts”; R. Hoffmann, in ed. Jean MacLaughlin, The Nature of Craft and the Penland Experience, Lark Books, New York, 2004, pp 58-64.
] 

	And play, to which we will return.
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