


Being Digital & Being Material



Being Digital & Being Material

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





(2017)

“The team can comb through all 
166 billion compounds in the 
database for compelling 
candidates ….The bottleneck in our 
exploration of chemical space is 
the ability to dare to make 
compounds.”





Example: Quantitative Structure-Activity Relationships (QSAR)

Numerical parametersChemical structure

For a family of chemicals: 

Parameters + reference data + 

regression = QSAR

σ1=0.28, σ2=0.84, …

π1, π2, π3, …

ρ1, ρ2, ρ3, …

Predicted 

biological effects of 

new chemicals in 

this structural 

family

F = a*σ1ρ1 + b*σ2ρ2 + c



Numerical parameters 

describing molecular 

structure

C(Cl)(Cl)C(=O)C1=C

(Cl)C=C(Cl)C(Cl)=C1

$$$

time

storage

processing

2,2-dichloro-1-(2,4,5-

trichlorophenyl) 

ethanone

1203-86-7



(2017)

“The material science of chemistry 
is becoming a third-order science 
of information.”

“Among all of the chemist’s 
instruments, none is more 
indispensable than good books 
and bibliographic literature.”

1969

1919

“Organic chemists push single-mindedly toward 
the goal of striking gold.… Given the seemingly 
inexhaustible wealth of the land, the work 
inevitably becomes somewhat mechanical.” 1887

Observation 1: This argument is old



Observation 2: 

Molecular 

structures, 

also old…

…are the 

foundation of 

this whole 

operation! 

Mostly 

modeled 

data 

based on 

structure 

graphs



One chemical

(material 

substance)

The Molecular Ideal (b. 1892)

One structural 

formula

(representation)

One systematic name 

(identity)

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



Chemicals governance

Chemical information infrastructure (digital)

Chemical information infrastructure (print)



Compound Words
Chemists, Information, and the Synthetic World

(Book in 

progress…)





“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)

Some helpful notes from media 

philosophy and anthropology

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







Bayer coal-tar dye samples
Catalog of Bayer 
drugs available in 
the US, circa 1905



C3H8O

C3H8O

propyl 
alcohol

Isopropyl 
alcohol

Propionic 
acid

acetone+ 
oxygen

C3H6O2

C3H6O

Isomers: 

same 

composition, 

different 

properties

+ 
oxygen

Way 

different 

reaction 

products

What gives? 

(1830s-60s 

European 

organic 

chemistry)



“Constitutional” 
or “structural” 

formulas 

(Couper,
Phil. Mag., 1858)



Frankland, Lecture 
Notes for Chemical 
Students (1866)

C3H8O

C3H8O

“Constitutional” 
or “structural” 

formulas 



Jahresbericht über die Fortschritte der 
Chemie und verwandter Theile anderer 
Wissenschaften, Register zu den Berichten, 
1867-1876 (Giessen: J. Ricker, 1880).

Page 370:

Page 544:

Page 546:

Page 558:



Geneva 1892: A chemical constitutional 
moment



• “The official name of the 
compound is a faithful translation 
of its molecular constitution, 
representing the compound just as 
the structural formula does.”

Rule 11

Rule 3

Rule 12

Rule 14

Rule 7

Rule 15

Rule 17

Rule 18

Rule 8

Rule 16

Rule 55

Rule 56

Rule 57

Rule 58

Rule 10

Rule 4

Rule 5

...
Rule 54

• “Such systematic names… were 
really names of formulas rather 
than names of substances.” –
Alexander Crum Brown, pioneering 
user of structural formulas

• Only applied to chemicals “of a 
known constitution” (the ones 
causing the nomenclature trouble)



“Index workers” in Columbus, Ohio (1938)

Journal of Chemical 
Education 15, no. 6 
(1938): 271–75.



“We read aloud in pairs, one checking the 
cards and the other the galleys. A few hours of 
choice bits like ... C20H25N3O Δ2-Pyrazoline, 5-
(2-furyl)-1-phenyl-3-(1-piperidylethyl-), -HCl
is enough to make us reel…



Calvin Mooers (1919-1994)

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.

“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)



Registry NumberConnection Table
Bonds

From To  Order

1     2  1

2     3  1  

3     4  1  

4     5  1  

5     6  1  

6     7  1  

7     8  1  

1     9  2  

1 10  1  

2 11  1  

2    12  1  

3    13  1  

3    14  1  

4    15  1  

4    16  1  

5    17  1  

5    18  1  

6    19  1  

6    20  1  

7    21  1  

7    22  1  

8    23  1  

8    24  1  

8    25  1  

Atoms

#  Type

1 C

2 C

3 C

4 C

5 C

6 C

7 C

8 C

9 O

10 O

11 F

12 F

13 F

14 F

15 F

16 F

17 F

18 F

19 F

20 F

21 F

22 F

23 F

24 F

25 F

335-67-1

Data

Articles

Patents

Chemical 
Abstracts 
Service 
Chemical 
Substances 
Registry

“CAS Registry”

Data 

entry

Think:

“social security number”

Think:

“fingerprint”





Cayley, Phil. Mag., 1857. 
Same journal as 
Couper’s structural 
formulas, one year 
prior. (Coincidence??)



Frankland, Lecture Notes for 
Chemical Students (1866)



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.”

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

Inventing the “graph” as mathematical object

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



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

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







Organic Synthesis

E. J. Corey (b. 1928)



Corey & Wipke, 
“Computer-Assisted 
Design of Complex 
Organic Syntheses,” 
Science (1969).

Logic and Heuristics Applied to 
Synthetic Analysis: LHASA

E. J. Corey
(b. 1928)



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

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

Retrosynthetic Analysis



Corey & Wipke (1969).

LHASA:
Data 
structures



LHASA:
Data 
structures

Corey & Wipke (1969).

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

Morgan, Journal of Chemical 
Documentation (1965). 



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

LHASA:
Data 
structures



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).

LHASA as chemistry rather than computing

“No ‘programming’ 
is involved, since 
the interpretive
table language 
permits rapid 



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.”

“The interactive program, LHASA… 
is designed to emulate the 
problem solving techniques used 
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





Lose-dose, high-profile: 
chronic toxicity concerns, 
late 1950s-early 1960s.



“Standard-setting, monitoring, and control can 

often be done more efficiently and rationally if 

attention is focused on the particular substance.”

Chemical Holism
Toxic Substances

(1971 Nixon 

administration 

report)



…

The CAS Registry Number: interface 

for assembling “a much more 

coordinated and more complete 

computer-based file of toxicological 

information,” constituting a “total 

body of chemical and biological 

information” (1965) 335-67-1



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.”



“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)

“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 2nd

Annual ADP 
Conference 
(Washington: EPA, 
1977), H-11.



Molecular Bureaucracy

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







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)



(Being) Material 

questions

(Being) Digital 

questions
• Relationship with 

informatics and data 

science more broadly?

• Can chemical/materials 

data (& web ontologies!) 

reflect multiple & 

relational ontologies?

• Relationship with chem. 

engineering, process 

control & finance (esp. in 

petrochemicals)?

• What if we take all 

substances as non-

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?

for:

historians

data sci’s

designers

software-

developers

chemists

activists

firms



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

Charles Gerhardt, 1850

“Remapping Chemicals, 

Environments, and Toxicity”




