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My interest: how digital information systems and data structures
enact (attune to, interact with, shape (Mol 2002)) material
chemical substances in identifying, representing, and classifying
them, especially via bureaucratic & informatic re-use/re-purposing
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HOW MACHINE LEARNING AND BIG DATA ARE HELPING CHEMISTS SEARCH
THE VAST CHEMICAL UNIVERSE FOR BETTER MEDICINES.
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# ChemMaps.com DrugMap DSSToxMap Tox21Map PFASMap

“Generate the 3D Map

Select up to 5 features you would like put on the map:

Chemical classification Descriptors

B Androgen Receptor Activity (Antogonist)® Melting Point (C)
/]
9 EPA category B pPka acid b

a Physicochemical prediction ¥
LD50 (mg/kg) Lipinski Failures
e ® Androgen Receptor Activity (binding) ™ Pka basic

icol
Toxicology prediction B Plasma fraction unbound ® Biodegradabiliy

Generate Tox21Map

Acute Tox (very toxic) B Henry's Law constant (atm-moi3/mole) ™ HPLC retention time

jul
Acute Tox (no toxic) ® KM (iotransformation rate) B | og vapor pressure (mmHg)
B Acute Tox (EPA)

B Acute Tox (GHS)

B | og OctanoVair partition coefficient ¥ Log Water solubility
® |og Soil adsorption coefficient (L/Kg) B | og Atmospheric constant (cm3/molsec)

. ~

Acute Tox (LDS0) ® | og Fish bioconcentration factor ® Biodegradation haif-ife
® Estrogen Receplor activity (Agonist) g LogD B Boiling Point
B Estrogen Receptor activity (binding) LogP

B Hepalic clearance

HOW MACHINE LEARNING AND BIG DATA ARE HELPING CHEMISTS SEARCH
THE VAST CHEMICAL UNIVERSE FOR BETTER MEDICINES.



Example: Quantitative Structure-Activity Relationships (QSAR)

Chemical structure

s )
\_ -
Predicted

biological effects of
new chemicals in
this structural
family

Numerical parameters

-

c,=0.28, o0,=0.84,

Pi, P2s P3y

~

|

F = a*o,p; + b*o,p, + c

For a family of chemicals:

Parameters + reference data +

regression = QSAR
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(ChC=C(Ch)C(C)=C1
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“The material science of chemistry °

Ao e mel o is becoming a third-order science
“%/" I “‘(" & of 1.1lf?rmatlon ok 7969 .
N7 M o ,"\".’_“%\ “Among all of the chemist'’s |
: *‘%ggfz X L instruments, none is more
:'fgi}% Vi indispensable than good books
NS R G 2 and bibliographic llterature 1919
"1 SCANNINGSPACE, '
| ——— Organlc chemlsts push single- mlndedly toward
" the goal of striking gold.... Given the seemingly
nature ~_ inexhaustible wealth of the land, the work

(2017) 1nev1tably becomes somewhat mechanical.” 1887

national journal of scien
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Observation 2: (L /7 ) ~-are the

Molecular Foundat'lon of
structures, | ’{ [ ” s l'l Ll!.' n this whole’
a/\lgemr\ms C{an .D.ru Map DSSToxMap "“-.( S . erat on.

“Generate the 3D Map

Select up to 5 features you would like put on the map:

Themical classification

- M OStly EPA category

LD50 (mg/kg)

m Od e’ ed Toxicology prediction
da ta — Acute Tox (very toxic)

B Acute Tox (no toxic)

based onrn ® Acute Tox (EPA)

B Acute Tox (GHS)

structure | ® awermxwso

B Estrogen Receptor activity (Agonist) £ | (;l.iz
gl’ a P h S ® Estrogen Receptor activity (binding) '

i Hepalic clearance
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The Molecular Ideal (b. 1892)
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One chemical >
(material

substance)

One structural
formula oM
. F
(representation) ! Y F % %

2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-

One systematic name g
pentadecafluorooctanoic acid

(1dentity)
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Chemical information infrastructure (print)
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(Book i
mooress.)  Compound Words

Chemists, Information, and the Synthetic World
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Some arguments

The molecular ideal originated as a way to organize
printed chemical bibliographies, mostly in order to
support chemical industry R&D

It (purposefully!) did not address all sorts of materials &
ways of thinking about materials important to chemists

It had historically-grounded affinities with mechanical
methods for information retrieval and processing

Mechanizing compilation of chemical reference books
— chemical databases that presumed/suggested the
universality of the molecular ideal 2 computational
methods, information infrastructures, and
administrative procedures that took the molecular ideal
for granted and/or built on it (“molecular bureaucracy”)



Some helpful notes from media
philosophy and anthropology

“Ontology, whatever else it is, is usually just
forgotten infrastructure.”
(Peters, The Marvelous Clouds, 2015)

“Without ideality, a plan, a map, a model, an ideal,
a direction, or a theme, materiality could not
materialize itself.”

(Grosz, The Incorporeal, 2017)

“The simplification of ontology has led to the
enormous complication of epistemology.”
(Viveiros de Castro, “Exchanging Perspectives”, 2004)



Our next halF hour,
aka the sampler platter...

1. “Compound words,” c. 1865-1965

2. The chemical history of graph theory

3. Data structures, interfaces, & artificial experts
4. Molecular bureaucracy/chemical environment

5. Wrap-up






harmaceutical Products
Diazobrillantscharlach RON extra
Entwicklor \\

Europ hen
Hedonal
Helmitol
Heroin hydrochloride

- | Heroin
“Mesotan

Kichtty ptief Milk Somatose
Phenacetine-Bayer
Piperazine-Bayer
Protargol
Salieylate of Saloquinine
Saloquinine
Salol
Salophen
Somatose
Sulfonal-Bayer
Tannigen
Tannopin
Theoein
Theocin-Sodium
Trional-Bayer

Indications

_Nj"ih"-‘.m7w||!xr‘.:lv supplicd to medical men on spplication.

Catalog of Bayer
drugs available in
the US, circa 1905

Bayer coal-tar dye samples




C,H,O C,H,0,

propyl + —— Propionic
alcohol oxygen acid

Isomers: Way
same diffFerent
composition, reaction
diffFerent products
properties

Isopropyl + —— acetone
alcohol oxygen

C,H,0 C,H.O

What gives?
(1830s-60s
European
organic
chemistry)



definite manner by adding “n™ to the true type UL “COI’\StitUtiOnal"

I”

0-0H

C... 2 l‘
G415 or “structura
In like manner the butyle alcohol is to be viewed as .

G-t formulas
C...H?
and so on throughout all the series of these aleohols. The con-
s ool wse
(JHQ .HQ...C

stitution of the sthers will be evident : UH" HC

0. H2 X1I. Or a New Chemical Theory.

6o He By ArcuisaLp S. Courer, Esq.*
the mixed butylic-ethylic mther.
Ao0H (Couper,
Formic acid is represented by the form C:~-?{’ ; acetic acid per,
) Phil. Mag., 1858)
+0--OH . (gEon
in like manner, . . Propionic acid is G-H2 . The

C.-H® :
Q... H®

constitution of glyeol may be represented as follows :—
+0--OH
ok
(- H2
C...O_“OH




C,H,O

(C(CH,)H,
| CH,Ho

Pr‘\ > aloohol.

| C(CH ) HHo

Isopr pylio
alcohol.

“Constitutional”

{ C(CH)IL or “structural”
| C()J[n

Propionie acid . formUIas

Frankland, Lecture

Notes for Chemical
Students (1866)



Chlomatriumbydrat

Monochlorerotons. Bilber

Mangjodtoluo)

Nitrobensolsul{osiure 558

@9 : Wirmeleitung 143; Verh. su
Brom- und Chlorwassorstoff 387;
90 : Brechung 169; Verh. gogen
Chromoxychlorid, gegen Salsalure 520;
71 : Bildungswirme 81, 82; Bild.
289 ; Verh. 448, 661;
2 : Verh, 360;
I8 : Verh. gegen Toluidin 720;
365 : Vorh. gegen Braunstein und
Behwefelshure 569 ;
96 : Verh. gegen saures schwef-
ligs. Ammonium 375; Nachw, 1014,
Nitrobenzolsulfosliure, IR : Bild. 661;
Darst, Eig.,, Balze 666.
Nitrobenzolsulfosiurechlorid, 92 : Bild,,
Eig., Verb. 642.
Nitrobenxonaphtylamide, Mono-, ¥4 :
Darst. 761 ; Eig, Verb. 762.
Nitrobenzonitril, 89 : Darst. 661 ;
69 : Darst. 613;
m-Nitrobenzoloitril, 78 :Bild., Eig., Verh,
779.
p-Nitrobenzonitril, 34 : Bild,, Eig., Verh.
779.

Nitrobenzotrichlorid, @7 : Darst. 661,

Nitrobenzoyl, @ : Damt.,, Eig. 487.

Nitrobenzoylanilid, 30 : Bild. 759; Eig,,
Schmelzp. 760. 3

Nitrobenzoylnitranilid , 90 : Bild, 759;
Eig., Schmolzp. 760.

Nitrobensoylwasserstoff, 63 : Zers.
durch Kali 871,

Nitrobenstoluidid, ¥4
Verh. 742.

Nitrobonsylacetamid, 92 : Bild.,, Eig.
651.

Nitrobensylalchlorid (nitrirtes Bitterman-
doldlchlorid), 87 : Darst. 661.

Nitrobenzylalkohol, @7 : Bild. ans Ni-
trobensoylwasserstofl 671,

Nitrobenzylamin, 38 : secundilres, Bild.,
Eig., Verh. 710; salzs, 711;

98 : tertillres, Bild, Eig. 711.

Nitrobenzylchlorid, 38 : Darst., Verb,
710.

Nitrobonzyldichlorid, 98 : Bild., Verh.
857,

Nitrobonsyldisulfid, ¥ : Bild,, Eig. 652.

Nitrobensylmorcaptan , 33 : Bild, Eig.
652,

Nitrobensylphenylamin, I8 :
salzs. 712; Eig. 718,

Nitrobensylsulfocyanid, @9 : Darst. 629,

Nitrobonsylsulfos. Baryum, 68 : Darst.
609,

Nitrobensylsulfos, Blei, @8 ; Darst. 609,

: Darst, Eig,

Darst,

Chloroform
Monochlomitrobensol
Mononitro-p-dibromanilin

Nitrochrysin

Nitro-8-0-bromtoluol-m.sulfosliare,
R : Darst, Balze 674.
Nitro- 8-p-bromtolaclsulfosliare, IR
Darst, Eig., Balze 676,
Nitrobromacetanilid, 34 : Verh. 725.
Nitrobromanilin, 34 : Verh. 725,
Nitrobrombenzole, T8 : Schmelsp, 361,
Nitrobromjodbenzole, & : isomere, Un-
ters. 829,
Nitrobromkresolsulfosiure, ¥4 : Bild.
693.
Nitrobrommesitylen, 67 : Darst, Eig.
704,
Nitrobromtoluol, 38 : Darst,, Eig. 376.
Nitrobromtoluole, 98 : Bild. 710.
Nitrobromtoluolsulfosiiuren, 34 : Derivate
680,
Nitrobromxylol, 8% : Darst. 696.
Nitrobutan, 74 : Damst, Eig., Verh.
310, 3560;
T4 : tertikres, Bild., Verh. 851;
76 : Untors. 345,
Nitrobuttersiure, 33 : Bild. 46b.
Nitrocaffein, 67 : Bild. 518,
Nitrocarbol, 38 : Verh, 786; siche Nitro-
metban.
Nitrochlorbenzogsliure, 36 : Bild., Const,
388,
a- und g-Nitrochlorbenol, 30 : Verh.
520,
Nitrochlorbenzole, 7 & : Biodop., Schmelsp.
861.
Nittrochlorbenzyl(Nitrodracethylchlorlir),
67 : Eig. 672,
Nitrochlorbrombenzol, T8
sches, Bild, Eig. 327,
Nitrochlorjodbenzole, ¥ & : isomere, Bild.,
Eig. 328.
Nitrochlorkoblenstoffo, 8 : Darst. 308;
Eig., Verh. 309.
Nitrochlormesaitylen, 89 : Darst. 419,
Nitrochlornapbtaline, ¥@ : Verh, gegen
Phosphorpentachlorid 408,
Nitrochlorphenole, 9@ : Const. 545;
21 : Darst, Eig. 469.
Nitrochlorpbenolsulfosfiure, IR : Bild,
Balzo 472.

79 : Bild. 606 ; Kaliumsals 607.
Nitrochlorphenolsulfosiioren, T4 : Bild,
711, 712; Eig., Balse, Verh. 712
Nitrochlorphenyl, siche Monochlornitro-

benzol.
Nitrochrysin, 98 : Bild. 863.

1 symmetri-

Page 370:

Chlornitrobenzol, 1 :
81; Verh. 431;
2 : Verh. 669, 670, 671;
94 : Darst. Eig. 372.
Chlornitrobenzol, @8 : «, Darst. 348,
Chlornitrobenzol, @8 : 2 Darst. 844.

Bildungswiirme

Page 544:
a- und g-Nitrochlorbenzol, ¥@ : Ve
520.

Nitrochlorbenzole, ¥ 4 : Siedep., Schmelsp.
361.

Page 546:

Monochlornitrobensol (Nitrochlorphenyl),
67 : Bild. 631.

Page 558:

Mononitrochlorbenzol : Yerh. 429.

Jahresbericht tiber die Fortschritte der

Chemie und verwandter Theile anderer
Wissenschaften, Register zu den Berichten,
1867-1876 (Giessen: ]. Ricker, 1880).
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—> Rule 3

 “The official name of the .
compound is a faithful translation Rule 4 Rule 18 +—
of its molecular constitution, '
representing the compound just as Rule 5
the structural formula does.”
* Only applied to chemicals “of a Rule 8
known constitution” (the ones ¢
causing the nomenclature trouble) Rule 10 <
—— Rule 55
* “Such systematic names... were Rule 56 <
really names of formulas rather ¥
than names of substances.” - RU|$ >7
Alexander Crum Brown, pioneering Rule 58
user of structural formulas L Rule 16 «—
—> Rule 17

kk '\.‘\.A,(‘t_.o -

a "\o-o-x/}— (’\NQ_A"AM\( -~ O
fra g eAt_o. ”




The CHEMIST at WORK

XIV. MY WORK WITH CHEMICAL ABSTRACTS

JANET D. SCOTT Journal of Chemical
Education 15, no. 6
(1938): 271-75.
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“Index workers” in Columbus, Ohio (1938)



The CHEMIST at WORK

XIV. MY WORK WITH CHEMICAL ABSTRACTS

JANET D. SCOTT

“We read aloud in pairs, one checking the
cards and the other the galleys. A few hours of
choice bits like ... C,,H,:N;0 A2-Pyrazoline, 5-
(2-furyl)-1-phenyl-3-(1-piperidylethyl-), -HCI
is enough to make us reel...




AS WE MAY THINK

A TOP U.S. SCIENTIST FORESEES A POSSIBLE FUTURE WORLD
IN WHICH MAN-MADE MACHINES WILL START TO THINK

by VANNEVAR BUSH
OF Wi OMCE OF ROINT™ -

TMANCN AND DEVENOWMENT

“While those interested in the indexing business are many
(e.g. the patent office, the census bureau, UNESCO, large

libraries), the biggest push at the moment is the American
Chemical Society... the Society will need a liason [sic]

between the electronics and their semantic problem.” (1947)

Calvin Mooers to Howard Mooers, 27 Jan 1947, Calvin and Charlotte Mooers Papers,
Charles Babbage Institute Archives, University of Minnesota, CBI 81, Box 7, Folder 7.



Chemical Think: Think:

\ . . .
Abstracts “Fingerprint" social security number”
Service Connection Table Registry Number
Chemical
f Atoms | Bonds \ 335_ 67 _ 1
Substances # Type | FromTo Order >
Registry 2 c i 2 31
4c 4 5 1 Data Patents
. 5C | 5 6 1
“CAS Registry” 6 ¢ | s 71 Articles
|
e L1 g
10 O i 2 11 1
11 F L2 12 1
12 F : 3 13 1
13 F i 3 14 1
14 F 4 15 1 Data
15 F 4 16 1 G—
16 F i 5 17 1 entry
17 F | 5 18 1
wr e po |
or o7 m
22 F T 23 1 F
23 F 8 24 1 OH
24 F : 8 25 1 £
F







Analytical Forms called Trees. 173

this to the question in hand, PU consists of a single term repre-

Cayley, Phil. Mag., 1857.

Same journal as Fig. 1. Fig. 2. Fig. 3.
Couper’s structural ' /,\ /,I\\ ,q\ .
formulas, one year ! 23 /\
prior. (Coincidence??)

|

el -3 SLE2 N NPT T anmarsabe 8 above, Of tWO terms

XXVIIL. On the Theory of the Analytical Forms called Trees. (bis), viz. the first part
cond part represents the

By A. Caviey, Esq* 2 (bis) is at once formed

from the figure 1 (6is) by adding on a branch terminated by Q at

each of the knots of the single part of fig. 1 (4is). In like manner

RQPU consistsof sixterms represented by the six partsof fig.3 (bzs),

Fig. 1(bis).  Fig. 2 (bis). ig. 3 (bis).

to be viewed as C] & W U v v U
R AVAY
C...H3 \ 4%

these aleohols. The con- Q P lf’ R QT Q P Q lpn »
Q

|
|
A
R R Q
represents

C..H?




.lvc{(w”».)l{__ ' In f C(CH YH, ‘
(CII.‘,HU ' 2 | COHo = =L

Propylic aleohol Propionic acid

® - () (o
= U o] Ty () =0
b P N A )

/"l“\ (/'\ - )
| | i O

\--_) __l/ N
!

(1)

T
|

[ CH, . _ | CH,
| C(CH,)HHo ™ — |1 CO(CH)
Isopropylic Acetone.

CLONL
lLl(‘I.f:.n}..

) (1)
() ()

-0 ®-00-0-0-®
i | | |

(7) (o) (3
@) @ (@

Frankland, Lecture Notes for
Chemical Students (1866)



Inventing the “graph” as mathematical object

[ C(CH,)H,
| CH,Ho

Pr¢ -i'.\‘:if' aloohol.

[ CH , (CH,

lecH)EEe * Y = {co(ch)

Isopropylic Aceton
aleohol.

“Social individuals differ as egregiously
as Isomers in their capacity for forming
multifarious attachments.” W

“I feel as Aladdin might
have done in walking in the
garden where every tree
was laden with precious
stones.”

James Joseph Sylvester, “On
an Application of the New
Atomic Theory,” 1878.

“Chemical graphs... mere
translations into
geometrical forms of trains
of priorities and sequences
having their proper habitat
in the sphere of order.”




Isomer-counting: fascinating to mathematicians
and (some) chemists

“Combinatorial Enumeration of Groups, Graphs, and Chemical
Compounds” - Polya’s “enumeration theorem” (1937)

KOMBINATORISCHE ANZAHLBESTIMMUNGEN FUR GRUPPEN,
GRAPHEN UND CHEMISCHE VERBINDUNGEN.

VoN

G. POLYA

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, UNIVERSITY OF TEXAS]

THE NUMBER OF ISOMERIC HYDROCARBONS OF THE
METHANE SERIES

By HENRY R. HENZE AND CHARLES M. BLAIR

RECEIVED May 11, 1931 PusLiSHED AucusT 5, 1931



Artificia
synthetic







Organic Synthesis

E. J. Corey (b. 1928)



Logic and Heuristics Applied to
Synthetic Analysis: LHASA

(b. 1928)

Perception of Strategy
—
. Structural ond Structural
Corey & Wipke, Features ' Control Monipulotion

“Computer-Assisted

Design of Complex ‘
Organic Syntheses,”
Science (1969).



Retrosynthetic Analysis

. Direction of laboratory . Direction of computer
execution is ‘synthetic’ analysis is ‘antithetic’
. Represented as . Represented as
(s) S, (a)

4 4

. Process is called a . Process is called a
‘reaction’ ‘transform’

“This organization, with its reverse-
synthetic or retrosynthetic focus,
must be expressed explicitly and
consistently in order to avoid
intolerable confusion.”

llllllll

CCCCCC

Corey et al., “Computer-Assisted Synthetic Analysis for Complex
Molecules,” Journal of the American Chemical Society (1972).



[ ]
LHASA: n *InFo | “cHe|>NBDS | *NATCH QBINFO 3BSTERED| *BTYPE

9 9
Data gATYPE 9BOND1 ATOMI1 ATOM 2
gBONDZ gBOND3 Fig. 7 (left). The structure of an atom table entry.

Stru ctu res Fig. 8 (above). The structure of a bond table entry,

Corey & Wipke (1969).

Connection Table

/7~ Atoms Bonds ™
# Type I From To Order ﬁ
1¢ |1 2 1
2 | 2 31 /
3cg | 3 41
icC | e 5 1 1
5¢ | 5 6 1
6C | 8 71
7 } 7 8 1
o 1 3 2 ﬁ .
0 I : 1 -“_‘-.--———*
10 0O I 2 1 1 Communicotion
11 F } 2 12 1
12 F | 3 13 1
13 F I 3 14 1
e 1o ool Perceo'r of Stear
15 F | 4 16 1 i o9y o Symbolic
16r | 5 17 1 Structural ond Siructurol
i; § } 2 ig i Feotures Control Monipulotion
15 F |l & 20 1 13
20 F } 7 21 1 f |
21 F 7 22 1
22 F Il 8 23 1 .
24 F | 8 25 1
F

J




LHASA: SINFO 4CHG QBINFO 3BSTEREO
9 9 9 9
Data

Fig. 7 (left). The structure of an atom table entry.
Stru ctu res Fig. 8 (above). The structure of a bond table entry.

Corey & Wipke (1969).

PARENT

BROTHER No. ATONS ADDED « 2 |

SON | TveE NN |

DISPLAY NANE ( COORD. | Y COORD. |

NISCELLANEOUS : |

- " e ==t
IDENTITY BLOCK Lot HEADING DATA ' I No. BONDS BROKEN
F ONI( [ aton 2 = : W : a3
et CANONICAL WANE | ATNT | MON 2 The Generation of a Unique Machine Description
SPECIFIED STRATEGIC BONDS | : '@ for Chemical Structures—A Technigque Developed
SPECIFIED STRATEGIC BONDS | : T o at{Chemical Abstracts Service
. 9

| MOVE BLOCK No. OF 2 WORD ENTRIES ATON 1 "‘W'*"
RATING ! :

TRANSFORN — | Y .o E | Morgan, Journal of Chemical

Mo, ATONS DELETED S | Documentation (1965).

ATON \No CH.kjEE_S CHANGED |

N : CHARGE ATON

———

Corey et al.,, “Computer-Assisted Synthetic Analysis for Complex
Molecules,” Journal of the American Chemical Society (1972).



LHASA:

Data
structures

PARENT

BROTHER

SON

DISPLAY NANE
MISCELLANEOUS

'ul' o[®sINFO

3BSTERED

YaTYPE

9ATOM 1

9ATOM 2

[DENTITY BLOCK
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Corey et al., “Computer-Assisted Synthetic Analysis for Complex
Molecules,” Journal of the American Chemical Society (1972).

Fig. 7 (left). The structure of an atom table entry.

Fig. 8 (above). The structure of a bond table entry.




LHASA as chemistry rather than computing

«++THIS SUBROUTINE IS CALLED TO CLEAR AWAY ANY UNDESIRABLE FUNCTIONALITY
It ( . ) «+«+ALPHA TO A KETONE ON THE RING
No ‘programming

ALPHCHK IF NO HYDROGEN ON THE SPECIFIED ATOM THEN GO TO I9

. : : IF THERE IS NOT A WITHDRAWING GROUP ON THE SPECIFIED ATOM THEN GO TO 18
IS anOlved) Slnce IF THE SPECIFIED ATOM IS THE SAME AS CARBON*2 THEN RETURN SUCCESS

IF BOND*5 IS A FUSION®*BOND THEN RETURN SUCCESS

the interDretive IF THERE IS NOT A NITRO ON THE SPECIFIED ATOM THEN GO TO 18
+ EXCHANGE THE GROUP FOR AN AMINE
IF SUCCESSFUL THEN GO TO J2 OTHERWISE RETURN FAIL
table language IF THERE IS A HALIDE ON THE SPECIFIED ATOM THEN GO TO J2
. . IF THERE IS A KETONE ON THE SPECIFIED ATOM THEN GO TO J2
permltS rapld IF THERE IS A WITHDRAWING GROUP ON THE SPECIFIED ATOM THEN GO TO J2

and direct transcription of the
information contained in the flow
charts into a form that is “readable”
by the computer.”

“Such undertakings are not less
challenging and rewarding than the
conception and execution of a specific
synthesis.” (Corey et al. 1974).




organlc _The 1.nteract1ve program, LHASA...
- is designed to emulate the
synthesis . :
THE problem solving techniques used

DISCONNECTION -
APPROACH by chemists. In turn, the LHASA

project has been of great value in
the development of new and
general ways of thinking about
synthesis.”

1989

Stuart Warren 1982

“The aim of this book is
to show you how this
planning is done: to help
you learn the
disconnection approach
to organic synthesis.”







‘Silent Spring’ Is Now Noisy Summer
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Chemical Holism

PATHWAYS FOR TOXIC SUBSTANCES
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“Standard-setting, monitoring, and control can
often be done more efficiently and rationally if

attention is focused on the particular substance.

Toxic Substances
(1971 Nixon
administration
report)
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NIH computing expert, 1976:

“An emerging pattern of international cooperation
seems to have ensured the fact that all molecular
structure files will be linked to the CAS Registry
Number in the future....

Regardless of how this identifier came into
existence, it is clear that the future evolution of
chemical (structure-related) information is bound
to the CAS universal identifier. Scientists should
think of data as being linked to the body of
chemical information by the universal identifier.”




wEPA

Toxic Substances
Control Act

Chemical Substance
Inventory

“This list is the foundation on which all
toxic substances control will be based.”

Frederick H. Siff,
“Inventory
Information in the
Chemical Abstract
Service,” in 29
Annual ADP
Conference

(Washington: EPA,

1977), H-11.

“The CAS means of identification led to all Kinds
of technical issues and nomenclature issues that
took huge amounts of time and resources.... It
just has nothing to do with protecting health and
safety. It just got to be a bureaucratic exercise.”

Steven Jellinek, head of EPA Office of Toxic
Substances, 1977-1981 (in 2010)



Molecular Bureaucracy

2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
pentadecafluorooctanoic acid
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Some arguments

The molecular ideal originated as a way to organize
printed chemical bibliographies, mostly in order to
support chemical industry R&D

It (purposefully!) did not address all sorts of materials &
ways of thinking about materials important to chemists

It had historically-grounded affinities with mechanical
methods for information retrieval

Mechanizing compilation of chemical reference books
— chemical databases that presumed/suggested the
universality of the molecular ideal 2 computational
methods, information infrastructures, and
administrative procedures that took the molecular ideal
for granted and/or built on it (“molecular bureaucracy”)



There’s the story, then there’s the
real story, then there's the story
of how the story came to be told.
Then there’s what you leave out
of the story. Which is part of the
story too.

Margaret Atwood, MaddAddam (2013)



For:

- o historians : :
(Being) Digital __,____._ (Being) Material
guestions designers guestions
Relationship with software- . pelationship with chem.
informatics and data de;/elo.p S engineering, process
science more broadly? - efn{st;s control & finance (esp. in
activists ; 5

Can chemical/materials Fjrms petrochemicals):
data (& web ontologies!) « What if we take all
reflect multiple & substances as non-
relational ontologies? molecular? (Nanomat’ls!)

How to work with, against, & beyond molecular bureaucracy?
What would a desire-based, not damage-based chemical data
regime look like? (Eve Tuck, “Suspending Damage,” 2009)

Can chemical substances be enacted as situated, history-laden
objects-in-relation, not abstract & interchangeable?



“Remapping Chemicals,
Environments, and Toxicity"

“Instead of hypothesizing about
molecular structure, I define
substances by their
metamorphoses, that is, by
their past and their future.”

Charles Gerhardt, 1850
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