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“We have lots of information 
technology.  We just don’t have 
any information.” 
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1 1 2 2 1 3 1 4

Sample of 4-
flourinated
biphenyl

Add CoolReflux

Butanone Sample of
K2CO3
Powder

Weigh

grammes0.9031

Measure

40 ml

Add

Weigh

2.0719 g

text

3 5

Add

g

Sample of
Br11OCB

2 6

Reflux

2 7

Cool

Water

Measure

30 ml

9

Liquid-
liquid

extraction

DCM

Measure

3 of 40 ml

10

Dry

MgSO4

11

Filter
(Buchner)

12
Remove
Solvent

by Rotary
Evaporation

13

Fuse

Silica

14
Column

Chromatography

Ether/
Petrol
Ratio

Butanone dried via silica column and
measured into 100ml RB flask.

Used 1ml extra solvent to wash out
container.

Started reflux at 13.30. (Had to
change heater stirrer) Only reflux

for 45min, next step 14:15.

Inorganics dissolve 2
layers. Added brine

~20ml.

Organics are yellow
solution

Washed MgSO4 with
DCM ~ 50ml

Measure

excess

Observation Types

weight - grammes

measure - ml, drops

annotate - text

temperature - K, °C

Key

Process

Input

Literal

Observation

Add CoolRefluxAdd
Add Reflux Cool Dry Filter Remove

Solvent
by Rotary

Evaporation

Fuse Column
Chromatography

Dissolve 4-
flourinated
biphenyl in
butanone

Add K2CO3
powder

Heat at reflux
for 1.5 hours

Cool and add
Br11OCB

Heat at
reflux until
completion

Cool and add
water (30ml)

Combine organics,
dry over MgSO4 &
filter

Remove
solvent in
vacuo

Liquid-
liquid

extraction

Extract with
DCM
(3x40ml)

Fuse compound to silica &
column in ether/petrol

4 8

Add

Add

text

Annotate

Annotate

text

Weigh

Annotate

g

Annotate Annotate

text text

Future Questions

Whether to have many subclasses of processes or fewer with annotations

How to depict destructive processes

How to depict taking lots of samples

What is the observation/process boundary? e.g. MRI scan

1.5918

Combechem

30 January 2004
gvh, hrm, gms

Ingredient List

Fluorinated biphenyl 0.9 g
Br11OCB 1.59 g
Potassium Carbonate 2.07 g
Butanone 40 ml
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N N

1,8-naphthyridine-2,7
-dicarbonyl dichloride

2-(aminomethyl)
pyridine

N,N'-bis(pyridin-2-ylmethyl)-1,8-
naphthyridine-2,7-dicarboxamide

NEt3

DCM
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–  Q1)!
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PDB deposited  

structures 

CCDC deposited structures 

The Data Explosion 
 
Exponential growth 

The future 
overwhelms the 
past BCDCEDBCFB! 0#%3)8=!52#%*,-$&!66!G>>H!

()3+3*93M9#!6)/.$%38.)!

•  >.-!\1,-!9.-,!./!L3-3!M1-!?2&!3$#!%3)&!./!-2#!
,-$1=-1$#,!1)41M9*,2#L!,.!=#$-3*)9&!
1)3+3*93M9#`!

•  72#!<Y5$&,-39,!3)L!<YS3)@!G$.\#=-!!9..@#L!3-!
2.?!-.!3LL$#,,!-2*,!*,,1#!

•  6,!%3@*);!L3-3!3+3*93M9#!-2#!,3%#!3,!
L#4.,*8);!3!=.4&!?*-2!,.%#.)#!#9,#`!
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?
?
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+I6/)&%//4$
%2%)/%6/#$
9"#()*3,4$7#,2)&#*$
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K1=2!/3,-#$!-3M9#-,!
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>##L!/.$!SGH!
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F$'",'50$'52-2,,%1+'$0'-*%5#2<''
6418"8%&'",'50$'7%5=%$01+<'
W^!<L?3$L,!:#%*);!
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JK<:7A$A%+#,*$
!
G!lY!$#3Lmh2d4cDD#4$*)-,^,.-.)^3=^1@D/$#&D$#4$.L1=*M9#^!

! ! ! ! ! ! ! ! !=.%41-3M9#^434#$in!
01%%3$&m4n!

!72#!$3-#!=.),-3)-!/.$!-2#!IO!$#3=8.),||!
aM,-$3=-m4n!+,!4}aM,-$3=-!!~'*$,-!3M,-$3=-,!-2#!434#$o!,#=.)L!;*+#,!-2#!!

! ! ! ! ! !434#$,]!3M,-$3=-�!
!
4}7*-9#!
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!
G$*)-m4}7#X-nx!+3$*3M9#,!lY!4}P13)88#,!
!
J$342!lY!4}J$342,! !.$!-.!3==#,,!-2#!L3-3!*)!-2#!;$342!!4}J$342,}73M9#}P13)88#,!
!
5.)-#X-mGn!

!!/MmIOn!z!!
5.)-#X-mGn!lY!>#?^5.)-#X-m)#?e-2#$%.L&)3%*=eL3-3n!
4F!lY!Q1)m4n!x!$1)!?*-2!)#?!=.)-#X-!c!+391#!./!!/MmIOn!!

!W3$)*)2c&.1!L.!).-!23+#!-2#!$#,.1$=#,!-.!$#Y$1)!-2*,!434#$|^!
:*N!lY!4!g!4F!x!?23-!=.)=91,*.),!=23);#!!

P13)8-&! >3%#,!
0&%M.9!
Ä391#!
()*-,!

G$.+!

'$#&!_!:#Q.1$#!
0-.=@2.9%!
Å-!G3$3L*;%!>#X-!0-#4!
%##8);!
Å!:#=!BCFF!BCDCEDBCFB! 0#%3)8=!52#%*,-$&!66!G>>H!

W!')1"5$21,'

07#1D-&:1&%7-&J7+/-&J#9&J-&<-):D1&#1<&(3:/<&

6*%12='6D%-2X'
BCDCEDBCFB! 0#%3)8=!52#%*,-$&!66!G>>H!

?&&'F'%7',%+"5#'",'$*%$'509'",'$*2'E72'$0'
=282&0D'$*2'$2-*50&0#+'$0'=2Y2-$'%5'%,$210"=''

W#!%1,-!,4##L!14!-2#!@).?9#L;#!L*,=.+#$&!4$.=#,,!!

BCDCEDBCFB! 0#%3)8=!52#%*,-$&!66!G>>H!



723)@,!
•  (q!#Y0=*#)=#!G$.;$3%%#!
•  Q5(qo!<G0Q5o!"605o!SS0Q5o!O<'5<o!

K*=$.,.U!_!6SKo!/.$!/1)L*);!
•  0.1-23%4-.)!5.99#3;1#,!3)L!

0-1L#)-,!/$.%!52#%*,-$&o!
<9#=-$.)*=,!_!5.%41-#$!0=*#)=#o!
<);*)##$*);o!K3-2#%38=,o!
*0.918.),!3)L!-2#!H*M$3$&!

•  5.99#3;1#,!3-!(qIH>o!07'5o!
()*+#$,*-&!./!Q#3L*);!

•  5.99#3;1#,!/$.%!G#))!0-3-#o!5.$)#99o!
G>>Ho!(>0Wo!(0&L!

BCDCEDBCFB! 0#%3)8=!52#%*,-$&!66!G>>H!

Trust me Mort - no electronic communications 
superhighway, no matter how vast and sophisticated, 
will ever replace the art of the schmooze  

723)@!&.1!/.$!9*,-#)*);!!

BCDCEDBCFB! 0#%3)8=!52#%*,-$&!66!G>>H!


