
From 3D coordinates to From 3D coordinates to 
molecular surfacemolecular surface

From 3D coordinates to From 3D coordinates to 
molecular surfacemolecular surface
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WhatWhat wewe areare stillstill orphansorphans::WhatWhat wewe areare stillstill orphansorphans::

•• VirtualizeVirtualize molecularmolecular topologytopology (shape(shape andand volume)volume);;

••VirtualizeVirtualize thethe generationgeneration ofof alternativealternative

M
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2018/2019

conformersconformers;;

••VirtualizeVirtualize thethe evaluationevaluation ofof thethe stabilitystability ofof eacheach
conformerconformer..



WeWe areare coordinatescoordinates hunters!hunters!
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II wouldwould likelike toto startstart fromfrom herehere!!II wouldwould likelike toto startstart fromfrom herehere!!

X-Ray
Crystallography

NMR
Spectroscopy

Compu Methods
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Let'sLet's gogo backback toto ourour CartesianCartesian coordinatecoordinate ......Let'sLet's gogo backback toto ourour CartesianCartesian coordinatecoordinate ......

00..97609760 00..55305530 00..11801180 CC
22..18101810 11..42404240 00..10101010 CC
22..91109110 11..35803580 --11..24202420 CC
22..24602460 11..67006700 --22..05500550 HH
33..21802180 00..32703270 --11..45204520 HH
44..10001000 22..21102110 --11..24002400 NN
33..81908190 33..18401840 --11..11701170 HH

x

y

z
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33..81908190 33..18401840 --11..11701170 HH
44..54605460 22..16201620 --22..15601560 HH
22..86108610 11..12601260 00..91009100 HH
11..87408740 22..45604560 00..31003100 HH
--00..16101610 00..91709170 --00..56705670 NN
--11..02200220 --00..05100510 --00..35103510 CC
--22..03100310 --00..10101010 --00..73807380 HH
--00..49204920 --11..02700270 00..44404440 NN
--00..96309630 --11..86808680 00..74707470 HH
00..78707870 --00..65606560 00..75307530 CC
11..42904290 --11..26202620 11..37603760 HH

= C
= N
= H



Rendering!Rendering!Rendering!Rendering!

....oror showshow meme privilegedprivileged distances!distances!....oror showshow meme privilegedprivileged distances!distances!

x

y

z
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WhatWhat cancan wewe easilyeasily measuremeasure inin aa
33DD CartesianCartesian space?space?

A
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ButBut howhow cancan wewe restorerestore physicalityphysicality toto ourour
molecularmolecular models?models?
ButBut howhow cancan wewe restorerestore physicalityphysicality toto ourour
molecularmolecular models?models?
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AtomicAtomic radiusradius…… couldcould bebe one?one?AtomicAtomic radiusradius…… couldcould bebe one?one?

The atomic radius of a chemical element is a
measure of the size of its atoms, usually the mean
or typical distance from the nucleus to the boundary
of the surrounding cloud of electrons.
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Since the boundary is not a well-defined physical
entity, there are various non-equivalent definitions
of atomic radius. Three widely used definitions of
atomic radius are van der Waals radius, ionic radius,
and covalent radius.



Johannes Diderik van der Waals (23
November 1837 – 8 March 1923) was a Dutch
theoretical physicist and thermodynamicist
famous for his work on an equation of state for
gases and liquids.
His name is primarily associated with the van
der Waals equation of state that describes the
behavior of gases and their condensation to
the liquid phase. His name is also associated
with van der Waals forces (forces between
stable molecules), with van der Waals
molecules (small molecular clusters bound by
van der Waals forces), and with van der Waals
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van der Waals forces), and with van der Waals
radii (sizes of molecules).
He became the first physics professor of the
University of Amsterdam when it opened in
1877 and won the 1910 Nobel Prize in physics.

van der Waals radius: in principle, half the
minimum distance between the nuclei of two
atoms of the element that are not bound to the
same molecule.



Element radius (Å)

Hydrogen 1.20

Carbon 1.70

Nitrogen 1.55

AA quickquick refreshrefresh……AA quickquick refreshrefresh……

3

3

4
vdWvdW rV π=
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Oxygen 1.52

Fluorine 1.47

Phosphorus 1.80

Sulfur 1.80

Chlorine 1.75

Copper 1.4

3

4

3

πvdWvdW Vr =



WhyWhy anan atomatom hashas aa sphericalspherical shape?shape?WhyWhy anan atomatom hashas aa sphericalspherical shape?shape?
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The images are 3D renderings of the spatial density distribution of |�|² with the color depicting the phase of �. The spatial
distribution is smooth and vanishes for large radii. The cloud is a more realistic representation of an orbital than the more
common solid-body approximations.

Credits: https://en.wikipedia.org/wiki/Electron#/media/File:Atomic-orbital-clouds_spd_m0.png



FromFrom CartesianCartesian coordinatescoordinates toto vanvan derder WaalsWaals
spheresspheres::
FromFrom CartesianCartesian coordinatescoordinates toto vanvan derder WaalsWaals
spheresspheres::

RobertRobert BB.. CoreyCorey andand LinusLinus PaulingPauling
“Molecular“Molecular ModelsModels ofof AminoAmino
Acids,Acids, Peptides,Peptides, andand ProteinsProteins..””
RevRev.. SciSci.. InstrumInstrum.. 2424,, 621621 ((19531953))..

Abstract:: AA setset ofof accurateaccurate scalescale modelsmodels hashas beenbeen
developeddeveloped forfor useuse inin studiesstudies ofof thethe structuresstructures ofof
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developeddeveloped forfor useuse inin studiesstudies ofof thethe structuresstructures ofof
aminoamino acids,acids, peptides,peptides, andand proteinsproteins.. ModelsModels
representingrepresenting atomsatoms oror groupsgroups ofof atomsatoms builtbuilt fromfrom
hardhard woodwood toto thethe scalescale 11 inin.. == 11ÅÅ areare connectedconnected byby aa
clampingclamping devicedevice whichwhich maintainsmaintains desireddesired molecularmolecular
configurationsconfigurations.. TheseThese accurateaccurate modelsmodels havehave beenbeen
usedused asas substitutessubstitutes forfor calculationcalculation inin investigationsinvestigations
ofof thethe probableprobable configurationconfiguration ofof thethe polypeptidepolypeptide
chainchain inin proteinsproteins.. AnalogousAnalogous modelsmodels constructedconstructed ofof
rubberrubber--likelike plasticplastic toto thethe scalescale 11 inin.. == 22ÅÅ andand
connectedconnected byby snapsnap fastenersfasteners areare designeddesigned forfor
qualitativequalitative studiesstudies ofof proteinprotein structurestructure..



FromFrom CartesianCartesian coordinatescoordinates toto vanvan derder WaalsWaals
spheresspheres::
FromFrom CartesianCartesian coordinatescoordinates toto vanvan derder WaalsWaals
spheresspheres::
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DR. WALTER LANG KOLTUN



Don’tDon’t forgetforget thisthis opportunityopportunity::Don’tDon’t forgetforget thisthis opportunityopportunity::
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CoreyCorey andand PaulingPauling modelsmodels:: putput thethe fleshflesh toto
thethe bonebone !!!!!!
CoreyCorey andand PaulingPauling modelsmodels:: putput thethe fleshflesh toto
thethe bonebone !!!!!!
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rvdW

rcov

CPK MODELS
(by Corey, Pauling and Kultun)
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rvdW = van der Waals radius
rc = covalent radius



FromFrom anan informaticsinformatics pointpoint ofof view,view, isis itit clearclear
howhow wewe cancan translatetranslate aa CPKCPK model?model?
FromFrom anan informaticsinformatics pointpoint ofof view,view, isis itit clearclear
howhow wewe cancan translatetranslate aa CPKCPK model?model?

00..97609760 00..55305530 00..11801180 CC 11..7070
22..18101810 11..42404240 00..10101010 CC 11..7070
22..91109110 11..35803580 --11..24202420 CC 11..7070
22..24602460 11..67006700 --22..05500550 HH 11..2020
33..21802180 00..32703270 --11..45204520 HH 11..2020
44..10001000 22..21102110 --11..24002400 NN 11..5555
33..81908190 33..18401840 --11..11701170 HH 11..2020

x

y

z
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33..81908190 33..18401840 --11..11701170 HH 11..2020
44..54605460 22..16201620 --22..15601560 HH 11..2020
22..86108610 11..12601260 00..91009100 HH 11..2020
11..87408740 22..45604560 00..31003100 HH 11..2020
--00..16101610 00..91709170 --00..56705670 NN 11..5555
--11..02200220 --00..05100510 --00..35103510 CC 11..7070
--22..03100310 --00..10101010 --00..73807380 HH 11..2020
--00..49204920 --11..02700270 00..44404440 NN 11..5555
--00..96309630 --11..86808680 00..74707470 HH 11..2020
00..78707870 --00..65606560 00..75307530 CC 11..7070
11..42904290 --11..26202620 11..37603760 HH 11..2020



AtAt thisthis pointpoint measuremeasure thethe molecularmolecular sizesize isis
easyeasy…… oror atat leastleast soso itit seemsseems toto ArieArie Verloop!Verloop!
AtAt thisthis pointpoint measuremeasure thethe molecularmolecular sizesize isis
easyeasy…… oror atat leastleast soso itit seemsseems toto ArieArie Verloop!Verloop!
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Verloop A., Hoogenstraaten W., Tipker J. “Development and application of new steric substituent
parameters in drug design.” In Drug Design (Ed. Ariëns), vol.7, pp.165-207 (1976), New York: Academic
Press.



MyMy favoritefavorite exampleexample::MyMy favoritefavorite exampleexample::
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Credits: https://www.ikea.com/it/it/catalog/products/20275814/



ArieArie VerloopVerloop andand STERIMOLSTERIMOL descriptorsdescriptors::ArieArie VerloopVerloop andand STERIMOLSTERIMOL descriptorsdescriptors::

axix L
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axix L



axix L

BB11
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LL

BB44



axix L
axix L

BB22
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BB33



BewareBeware:: asas youyou havehave alreadyalready guessedguessed thethe
STERIMOLSTERIMOL parametersparameters areare byby definitiondefinition
conformationconformation--dependent!dependent!

BewareBeware:: asas youyou havehave alreadyalready guessedguessed thethe
STERIMOLSTERIMOL parametersparameters areare byby definitiondefinition
conformationconformation--dependent!dependent!

axix L
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axix L

Im

NH2

180° 73° -10°



FromFrom CPKCPK modelmodel isis nownow veryvery easyeasy toto measuremeasure
(and(and collect)collect) STERIMOLSTERIMOL descriptorsdescriptors ofof thethe
mostmost commoncommon substituentssubstituents::

FromFrom CPKCPK modelmodel isis nownow veryvery easyeasy toto measuremeasure
(and(and collect)collect) STERIMOLSTERIMOL descriptorsdescriptors ofof thethe
mostmost commoncommon substituentssubstituents::

Substituent L B1 B2 B3 B4

CH3 3.00 1.52 1,90 1.90 2.04

C2H5 4.11 1.52 1.90 1.90 2.97

n-C4H9 6.17 1.52 1.52 1.90 4.42

t-C4H9 4.11 2.59 2.86 2.86 2.97

Asse L
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C6H5 6.28 2.30 2.30 2.83 2.83

CH2C6H5 4.62 1.52 3.11 3.11 6.02

OH 2.74 1.35 1.35 1.35 1.93

OCH3 3.98 1.35 1.90 1.90 2.87

N(CH3)2 3.53 1.59 2.56 2.80 2.80

NO2 3.44 1.70 1.70 2.44 2.44

L

B3

B2

B4 B1

L/B1 e B4/B1 ratios give as an indication of the substituent
sphericity.



ItIt isis summarysummary time!time!ItIt isis summarysummary time!time!

1D 2D 3D

CC55HH99NN33

x

y

x x

y

z
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n1cc(nc1)CCN



N

N

NH3H

+

000011111001010101010000011111001010101010
BABA

BA

solosolo ∩++
∩

DoDo youyou rememberremember::DoDo youyou rememberremember::

2D

1D

active candidate
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SterimolSterimol
PMPM

logPlogP

3D



CPKCPK isis aa nicenice 33DD shapeshape representationrepresentation…… butbut
probablyprobably onon forfor humanhuman beingbeing.. ButBut aa moleculemolecule
asas willwill seesee anotheranother molecule?molecule?

CPKCPK isis aa nicenice 33DD shapeshape representationrepresentation…… butbut
probablyprobably onon forfor humanhuman beingbeing.. ButBut aa moleculemolecule
asas willwill seesee anotheranother molecule?molecule?
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Here'sHere's whowho couldcould molecularmolecular objectsobjects !!
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DoDo youyou rememberremember thethe hydrationhydration shellshell
concept?concept?
DoDo youyou rememberremember thethe hydrationhydration shellshell
concept?concept?
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Now,Now, thethe virtualvirtual experimentexperiment isis prettypretty easy!easy!Now,Now, thethe virtualvirtual experimentexperiment isis prettypretty easy!easy!

r = 1.4Å
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The rolling ball algorithm developed by Shrake & Rupley in 1973: "Environment and exposure to solvent of protein atoms.
Lysozyme and insulin". J Mol Biol. 79 (2): 351–71.



Molecular surface representations:

Michael ConnollyMichael Connolly
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The van der Waals Surface (vdWS) is the exterior boundary of the union of van der Waals
spheres.

The Solvent Accessible Surface (SAS) is the result of the vdW Surface dilatation by a
structuring element, or a probe, representing a solvent molecule, typically water.

The Solvent Excluded Surface (SES, also known as Connolly surface ) is the results of the
SAS erosion by the same probe.



but,but, toto transformtransform thisthis virtualvirtual experimentexperiment isis anan
usefuluseful experimentsexperiments wewe needneed TWOTWO smartsmart
ideasideas::

but,but, toto transformtransform thisthis virtualvirtual experimentexperiment isis anan
usefuluseful experimentsexperiments wewe needneed TWOTWO smartsmart
ideasideas::

1. Remember Pollicino’s fairytale;
2. and…
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A bit of algorithm:
∆∆xx∆∆xx∆∆xx∆∆xx
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HereHere isis thethe resultsresults ofof ourour virtualvirtual experiment!experiment!HereHere isis thethe resultsresults ofof ourour virtualvirtual experiment!experiment!
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SES or Connolly Surface SAS



YouYou understandunderstand thethe differences!differences!YouYou understandunderstand thethe differences!differences!
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vdW versus Connolly Surface



ThisThis isis reallyreally…… PlayStation!PlayStation!ThisThis isis reallyreally…… PlayStation!PlayStation!
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SES or Connolly Surface SAS



DoDo youyou understandunderstand thethe morphing?morphing?DoDo youyou understandunderstand thethe morphing?morphing?
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Rolling Sphere method: choose a method of
installation Lightning
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Credits: https://www.bornika.ir/en/Article/AR-52/Choose-a-method-of-installation-Lightning



Geometric computation theory for morphological
filtering on freeform surfaces:

“The surface of a geometrical component is an interface limiting the body of the component and
separating it from the surrounding medium. It governs the functional behaviours of the product, whether
that be a mechanical, tribological, hydrodynamic, optical, thermal, chemical or biological property, all of
which are of tremendous importance to product performance. Many emerging products and devices are
based on achieving surfaces with special functionalities. Manufactured items such as micro- and
nanometre-scale transistors, microelectromechanical systems and nanoelectromechanical systems,
microfluidic devices, optics components with freeform geometry and structured surface products are
clear evidence of products where the surface plays the functional role.
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The dilation and closing envelope of an open profile by a
disc.

The erosion and opening envelope of an open profile by a
disc.

Credits: http://rspa.royalsocietypublishing.org/content/469/2159/20130150



Tribology: the Study of Interacting Surfaces
in Motion
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Credits: https://www.ggbearings.com/en/company/tribology



Tribology: the Study of Interacting Surfaces
in Motion
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Credits: https://www.ggbearings.com/en/company/tribology



FromFrom smallsmall moleculemolecule toto itsits biologicalbiological targettarget……FromFrom smallsmall moleculemolecule toto itsits biologicalbiological targettarget……
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xx

zz

C (x, y, z)C (x, y, z)
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yy



x

z ALPHA

BETA

RANDOM
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y



xx

zzCPK model:CPK model:

Robert Robert CCoreyorey LinusLinus PPaulingauling

Walter Walter KKoltunoltun
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yy

Walter Walter KKoltunoltun



xx

zz
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yy



xx

zz

Michael ConnollyMichael Connolly
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yy



xx

zz
MSGPVPSRARVYTDVNTHRPREYWDYESHVVEWGNQDDYQLVRKLGRGKYSEVFEAINIT 
NNEKVVVKILKPVKKKKIKREIKILENLRGGPNIITLADIVKDPVSRTPALVFEHVNNTD 
FKQLYQTLTDYDIRFYMYEILKALDYCHSMGIMHRDVKPHNVMIDHEHRKLRLIDWGLAE 
FYHPGQEYNVRVASRYFKGPELLVDYQMYDYSLDMWSLGCMLASMIFRKEPFFHGHDNYD 
QLVRIAKVLGTEDLYDYIDKYNIELDPRFNDILGRHSRKRWERFVHSENQHLVSPEALDF 
LDKLLRYDHQSRLTAREAMEHPYFYTVVKDQARMGSSSMPGGSTPVSSANMMSGISSVPT 
PSPLGPLAGSPVIAAANPLGMPVPAAAGAQQ 
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yy

FromFrom sequencesequence toto topologytopology…… fromfrom topologytopology toto functionfunctionFromFrom sequencesequence toto topologytopology…… fromfrom topologytopology toto functionfunction



xx

zz
MSGPVPSRARVYTDVNTHRPREYWDYESHVVEWGNQDDYQLVRKLGRGKYSEVFEAINIT 
NNEKVVVKILKPVKKKKIKREIKILENLRGGPNIITLADIVKDPVSRTPALVFEHVNNTD 
FKQLYQTLTDYDIRFYMYEILKALDYCHSMGIMHRDVKPHNVMIDHEHRKLRLIDWGLAE 
FYHPGQEYNVRVASRYFKGPELLVDYQMYDYSLDMWSLGCMLASMIFRKEPFFHGHDNYD 
QLVRIAKVLGTEDLYDYIDKYNIELDPRFNDILGRHSRKRWERFVHSENQHLVSPEALDF 
LDKLLRYDHQSRLTAREAMEHPYFYTVVKDQARMGSSSMPGGSTPVSSANMMSGISSVPT 
PSPLGPLAGSPVIAAANPLGMPVPAAAGAQQ 

1.1.where?where?
2. how?2. how?
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yy

FromFrom sequencesequence toto topologytopology…… fromfrom topologytopology toto recognitionrecognitionFromFrom sequencesequence toto topologytopology…… fromfrom topologytopology toto recognitionrecognition

2. how?2. how?
3. how long?3. how long?



xx

zz

Michael ConnollyMichael Connolly

M
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2018/2019

yy



xx

zz

M
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2018/2019

yy



ComeCome backback toto surfacesurface representationsrepresentations:: areare
youyou ableable toto calculatecalculate thethe volumevolume ofof thesethese
objects?objects?

ComeCome backback toto surfacesurface representationsrepresentations:: areare
youyou ableable toto calculatecalculate thethe volumevolume ofof thesethese
objects?objects?
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SES or Connolly Surface SAS



dodo youyou rememberremember thethe trapezoidaltrapezoidal rulerule ??dodo youyou rememberremember thethe trapezoidaltrapezoidal rulerule ??


+−≈

b

a

bfaf
abdxxf

2

)()(
)()(
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aa 33DD versionversion ofof ourourtrapezoidaltrapezoidal ruleruleaa 33DD versionversion ofof ourourtrapezoidaltrapezoidal rulerule

= Vi
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n
Vmol ≅ n Vi



Nicholas Constantine Metropolis 
and the Monte Carlo method

(N. Metropolis and S. Ulam. 1949. The Monte Carlo method. Journal of the
American Statistical Association 44:335-341.)

The Monte Carlo method is one of the
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The Monte Carlo method is one of the
ten algorithms that have had major
influence in the development of science
and engineering in the 20th century.



1946: The Metropolis Algorithm for Monte Carlo. Through the use of random processes, this
algorithm offers an efficient way to stumble toward answers to problems that are too complicated
to solve exactly.

1947: Simplex Method for Linear Programming. An elegant solution to a common problem in
planning and decision-making.

1950: Krylov Subspace Iteration Method. A technique for rapidly solving the linear equations that
abound in scientific computation.

1951: The Decompositional Approach to Matrix Computations. A suite of techniques for
numerical linear algebra.

1957: The Fortran Optimizing Compiler. Turns high-level code into efficient computer-readable

HereHere isis thethe list!list!HereHere isis thethe list!list!
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1957: The Fortran Optimizing Compiler. Turns high-level code into efficient computer-readable
code.

1959: QR Algorithm for Computing Eigenvalues. Another crucial matrix operation made swift and
practical.

1962: Quicksort Algorithms for Sorting. For the efficient handling of large databases.

1965: Fast Fourier Transform. Perhaps the most ubiquitous algorithm in use today, it breaks down
waveforms (like sound) into periodic components.

1977: Integer Relation Detection. A fast method for spotting simple equations satisfied by
collections of seemingly unrelated numbers.

1987: Fast Multipole Method. A breakthrough in dealing with the complexity of n-body
calculations, applied in problems ranging from celestial mechanics to protein folding.



Monte Carlo Integration Method

Vbox

Vmol : Vbox ≅ nmol : ntot
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Vmol

Vmol ≅ Vbox
x nmol / ntot



Monte Carlo Integration Method
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by Giulio Mattedi (2015/2016)



The measure of a full (space) equal to
the measure of an empty (space)?
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Do you note where the difference is?
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YouYou havehave nownow aa wonderfulwonderful tooltool toto estimateestimate
thethe topologicaltopological complementaritycomplementarity betweenbetween aa
cavitycavity andand itsits ligandligand::

YouYou havehave nownow aa wonderfulwonderful tooltool toto estimateestimate
thethe topologicaltopological complementaritycomplementarity betweenbetween aa
cavitycavity andand itsits ligandligand::
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ComplementarityComplementarity ∝∝ VolVolcavitycavity –– VolVolligandligand



α

β

γ Substrate
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NowNow alsoalso surfacesurface extensionextension isis veryvery easyeasy toto
calculatecalculate…… approximately!approximately!
NowNow alsoalso surfacesurface extensionextension isis veryvery easyeasy toto
calculatecalculate…… approximately!approximately!
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SES (Å2) ≅ Σ



N

N

NH3H

+

000011111001010101010000011111001010101010
BABA

BA

solosolo ∩++
∩

DoDo youyou rememberremember::DoDo youyou rememberremember::
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SterimolSterimol
VolVol (Å(Å33))
SES (ÅSES (Å22))



AndAnd nownow II wouldwould likelike toto morphmorph thisthis……AndAnd nownow II wouldwould likelike toto morphmorph thisthis……

in this!in this!in this!in this!
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MolecularMolecular surfacessurfaces asas aa locuslocus forfor thethe
projectionprojection ofof molecularmolecular propertiesproperties::
MolecularMolecular surfacessurfaces asas aa locuslocus forfor thethe
projectionprojection ofof molecularmolecular propertiesproperties::

P(x,y,z)P(x,y,z)
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As chemists, what is the first property that you 
would like to see projected ? 



WeWe cannotcannot forgetforget thatthat underunder thethe realreal
surfacesurface wewe surelysurely findfind…… charges!charges!
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BackBack whenwhen II waswas youngyoung……

“It is generally accepted that receptor and substrate
molecules recognize each other at their molecular
surfaces. Therefore, the binding strength of a
receptor-drug complex depends on the shape of the

distribution of
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substrate surface and on the distribution of
certain properties on this surface. Any method
attempting to model biological activity should take
into account this information and try to correlate it to
biological activity…”
by Johann Gasteiger et al J.A.C.S. 1995, 117, 7769-7775



ConsideringConsidering thatthat moleculesmolecules areare anan ensembleensemble
ofof electricelectric chargescharges…… probablyprobably thethe
distributiondistribution ofof theirtheir electrostaticelectrostatic potentialspotentials??

ConsideringConsidering thatthat moleculesmolecules areare anan ensembleensemble
ofof electricelectric chargescharges…… probablyprobably thethe
distributiondistribution ofof theirtheir electrostaticelectrostatic potentialspotentials??
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How we can virtualize the projection of  the 
electrostatic potential on a molecular surface? 

How we can virtualize the projection of  the 
electrostatic potential on a molecular surface? 



WeWe cancan surelysurely startstart withwith him!him!WeWe cancan surelysurely startstart withwith him!him!

Charles Augustin de Coulomb (Angoulême, 14
giugno 1736 – Parigi, 23 agosto 1806).

2
21

0 r

qq
kFel =

2Nm
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r
2

2
9

0 109 :costant sCoulomb'
C

Nm
k ×=

2

2
12

0

0

0
0

109,8

space free ofty permittivi electric  theis  where

 
4

1

Nm

C

k

−×=

=

ε

ε
πε



II trytry toto reciterecite itit::II trytry toto reciterecite itit::

“The magnitude of the electrostatic force of
interaction between two point charges is directly
proportional to the scalar multiplication of the
magnitudes of charges and inversely proportional

“The magnitude of the electrostatic force of
interaction between two point charges is directly
proportional to the scalar multiplication of the
magnitudes of charges and inversely proportional
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magnitudes of charges and inversely proportional
to the square of the distance between them.”
magnitudes of charges and inversely proportional
to the square of the distance between them.”

How we can deal with the point charges concept
when, in the real world, we usually deal with charge
distributions?



Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::
Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::

FF -- HH

χFF== 44..00 χ HH== 22..11

∆χ = 1.9 µ = 1.82 D

--δδ ++δδ
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qqFF qqHH

∆χ f (qF; qH) µ f (qF; qH)

q, partial atomic charge



Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::
Probably,Probably, usingusing aa veryvery interestinginteresting physicalphysical
tricktrick::

Introducing an atomic property, definite after the
formation of a chemical bond, called partial atomic
charge.

It is very important to underline that this property is
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It is very important to underline that this property is
not a real physical atomic property but it is very
useful to use the Coulombic’s law!!

FF -- HH
qqFF qqHH



TheThe formalismformalism ofof JohannJohann GasteigerGasteiger::TheThe formalismformalism ofof JohannJohann GasteigerGasteiger::

χFF== 44..00 χ HH== 22..11

∆χ = 1.9

qqFF qqHH
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χFF== 44..00 χ HH== 22..11

∆χ f (qF; qH)

2
AAAAA qbqa +=χ



InformaticallyInformatically speaking,speaking, itit isis veryvery clearclear……InformaticallyInformatically speaking,speaking, itit isis veryvery clearclear……

x

y

z

qN= -0.144

qN= -0.332

qH= 0.131

qH= 0.133qH= 0.095

qC= -0.077
qC= -0.081
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vdW versus Connolly Surface

qH= 0.252

qH= 0.191

qH= 0.178

qN= -0.198

qH= 0.089qC= -0.125

qC= -0.159

qC= -0.103



TheThe partialpartial atomicatomic chargescharges areare punctiformpunctiform
ambassadorsambassadors ofof chargecharge distribution!distribution!
TheThe partialpartial atomicatomic chargescharges areare punctiformpunctiform
ambassadorsambassadors ofof chargecharge distribution!distribution!

x

y

z
qN= -0.332

qH= 0.131

qH= 0.133qH= 0.095

qC= -0.077
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qN= -0.144

qH= 0.252

qH= 0.191

qH= 0.178

qN= -0.198

qH= 0.089qC= -0.125

qC= -0.159

qC= -0.103

qC= -0.077
qC= -0.081



AccordingAccording toto CramerCramer ((20022002),), thisthis earlierearlier
classificationclassification ofof methodsmethods involvesinvolves thethe
followingfollowing fourfour classesclasses::

AccordingAccording toto CramerCramer ((20022002),), thisthis earlierearlier
classificationclassification ofof methodsmethods involvesinvolves thethe
followingfollowing fourfour classesclasses::

Class I: are those that are not determined from quantum
mechanics, but from some intuitive or empiric approach. These
approaches can be based on experimental data such as dipoles
and electronegativities.

Class II: are derived from partitioning the molecular wave
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Class II: are derived from partitioning the molecular wave
function using some arbitrary, orbital based scheme.

Class III: are based on a partitioning of a physical observable
derived from the wave function, such as electron density.

Class IV: are derived from a semiempirical mapping of a
precursor charge of type II or III to reproduce experimentally
determined observables such as dipole moments.

C. J. Cramer (2002). Essentials of  Computational Chemistry: Theories and Methods. Wiley. pp. 278–289.



PartialPartial atomicatomic chargescharges derivedderived fromfrom

electronegativityelectronegativity valuesvalues (Class(Class I)I)::

PartialPartial atomicatomic chargescharges derivedderived fromfrom

electronegativityelectronegativity valuesvalues (Class(Class I)I)::

Electronegativity ..
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PaulingPauling ((19321932))::
MullikenMulliken ((19341934))::

SandersonSanderson ((19831983))::
AllenAllen ((19891989))::

AllredAllred--RochowRochow ((19581958))::



H-H

∆χ = 0

qH (H2)

H-F

∆χ = 1.9

qH (HF)

H-Cl

∆χ = 0.9

qH (HCl)

H-Br

∆χ = 0.7

qH (HBr)

PartialPartial atomicatomic chargescharges derivedderived fromfrom

electronegativityelectronegativity valuesvalues (Class(Class I)I)::

PartialPartial atomicatomic chargescharges derivedderived fromfrom

electronegativityelectronegativity valuesvalues (Class(Class I)I)::
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qH (H2)

The mission is very clear: find the optimal values The mission is very clear: find the optimal values 
of  of  qq to accurately calculate values of  to accurately calculate values of  ∆∆χχ !!

qH (HF)
qF (HF)

qH (HCl)
qCl (HCl)

qH (HBr)
qBr (HBr)



PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:

In this formalism the electronegativity χ of an atom A, is described as a

quadratic function of its partial atomic charge q, where a e b
parameters have being calculated:

χχ
χχ++ ((≅≅ EI)EI)
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2
AAAAA qbqa +=χ

qq00 11--11



2
AAAAA qbqa +=χ

For the determination of a and b parameters, we can follow this
consideration:

When the value of the partial atomic charge q its equal to its possible

PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
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When the value of the partial atomic charge q its equal to its possible
formal charge (+1 or -1) then the electronegative value χ must be
coincident with the ionization energy (I.E. for a formal charge equal to
+1) or to the electron affinity (E.A. for a formal charge equal to -1)

..  allora   1

..  allora   1

AEq

EIq

AA

AA

→−→
→+→

χ
χ

Beware of units of measurement !!!!



AAA baEI +≅)(..

Now could be much easier to calculate them:

baAE +−≅..

PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
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AAA baAE +−≅)(..



0=+ BA qq

qq == --δδ ;; qq == δδ
2qbqa +=χ 2qbqa +=χ

BA χχχ −=∆

Considering two atoms A e B:

PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
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qqFF== --δδ ;; qqHH== δδ
2
AAAAA qbqa +=χ 2

BBBBB qbqa +=χ

22
BBBBAAAA qbqaqbqa −−+=∆χ

22
ABABAAAA qbqaqbqa +++=∆χ

( ) 2)( ABAABA qbbqaa +++=∆χ

Do you remember how to solve it?



H-H

∆χ = 0

qH (H2)

H-F

∆χ = 1.9

qH (HF)

H-Cl

∆χ = 0.9

qH (HCl)

H-Br

∆χ = 0.7

qH (HBr)

PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
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qH (H2) qH (HF)
qF (HF)

qH (HCl)
qCl (HCl)

qH (HBr)
qBr (HBr)

±±00..267267 ±±00..145145 ±±00..113113



C-H (CH4)

∆χ = 0.3

qC = 4qH

C-H (CH3F)
∆χC-H = 0.3

q = 3q + q

∆χC-F = -1.6

PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
PEOE formalism (Partial Equalization of
Orbital Electronegativities), Gastaiger 1980:
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qC = 4qH

qqCC == --00..078078
qqHH == 00..019019

qC = 3qH + qF

qqCC == 00..079079
qqHH == 00..058058
qqFF == --00..253253



WhyWhy thethe ClassClass II methodsmethods areare veryvery popularpopular inin
calculatingcalculating partialpartial atomicatomic chargescharges…… eveneven ifif
sometimessometimes areare notnot soso accurate?accurate? HereHere isis thethe answeranswer::

WhyWhy thethe ClassClass II methodsmethods areare veryvery popularpopular inin
calculatingcalculating partialpartial atomicatomic chargescharges…… eveneven ifif
sometimessometimes areare notnot soso accurate?accurate? HereHere isis thethe answeranswer::
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The calculations of  partial atomic charges are very easy to The calculations of  partial atomic charges are very easy to 
compute for small and big molecular structures!!! compute for small and big molecular structures!!! 



ButBut alsoalso inin thisthis casecase therethere isis thethe otherother sideside ofof
thethe medalmedal ……
ButBut alsoalso inin thisthis casecase therethere isis thethe otherother sideside ofof
thethe medalmedal ……

C-F (C2H4F2)

∆χC-F = -1.6

qq == --00..246246
qqFF == --00..246246 qqFF == --00..246246
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As you suspected, PEOEAs you suspected, PEOE--driven partial atomic charges driven partial atomic charges 
are conformation independent… this is a pity!!!are conformation independent… this is a pity!!!

qqFF == --00..246246

qqFF == --00..246246



LookLook what’swhat’s happenedhappened usingusing typetype IIII oror IIIIII……LookLook what’swhat’s happenedhappened usingusing typetype IIII oror IIIIII……

C-F (C2H4F2)

∆χC-F = -1.6

qq == --00..368368
qqFF == --00..369369 qqFF == --00..427427
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qqFF == --00..368368

qqFF == --00..428428

EPS charges (RHF/AM1)



x

y

z

BackBack toto ourour deardear friend,friend, CharlesCharles……

H+
(x,y,z)

=
n

el r

qq
kF

1
2

21
0
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qH= 0.252

qN= -0.144

qH= 0.191

qH= 0.178
qN= -0.198

qH= 0.089qC= -0.125

qC= -0.159

qC= -0.103



x

y

z

TheThe fieldfield producedproduced byby multiplemultiple pointpoint chargescharges :: the
electric field of two or more point charges is equal to
the sum vector of the electric fields of each of these
taken separately. H+

(x,y,z)
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qH= 0.252

qN= -0.144

qH= 0.191

qH= 0.178
qN= -0.198

qH= 0.089qC= -0.125

qC= -0.159

qC= -0.103
=

n
n

el r

q
kF

1
20

=
n

n
el r

q
kV

1
0



dodo youyou remember?remember?dodo youyou remember?remember?

r
q

sFV
B B

d
1

d =−=×−=  

The work to move a particle from A to B is, in the case of
conservative forces, equal to the potential energy change
sign changed.
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r

q

r

q
r

r

q

r
r

q
sFV

B

A

B

A

A A

elel

00
2

0

2
0

4

1

4
d

1

4

d
4

1
d

πεπεπε

πε

=




−−=−=

=−=×−=



 



Charming!Charming!Charming!Charming!
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Vel < 0
Vel = 0
Vel > 0



…… veryvery charming!charming!…… veryvery charming!charming!
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Vel < 0
Vel = 0
Vel > 0



DoDo youyou notenote thethe similarity?similarity?DoDo youyou notenote thethe similarity?similarity?
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…… andand dodo youyou appreciateappreciate thethe meaningmeaning ofof
topologicaltopological andand electrostaticelectrostatic
complementarities?complementarities?

…… andand dodo youyou appreciateappreciate thethe meaningmeaning ofof
topologicaltopological andand electrostaticelectrostatic
complementarities?complementarities?
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Vel < 0
Vel = 0
Vel > 0



fromfrom thethe simplesimple conceptconcept ofof “solvation”“solvation”……fromfrom thethe simplesimple conceptconcept ofof “solvation”“solvation”……
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Vel < 0
Vel = 0
Vel > 0



……upup toto thethe mostmost intriguingintriguing fromfrom aa chemicalchemical
pointpoint ofof view!view!
……upup toto thethe mostmost intriguingintriguing fromfrom aa chemicalchemical
pointpoint ofof view!view!

N

N

H

NH2

acid-base
equilibrium

N

N

H

NH3+
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andand thesethese……andand thesethese……

N

N

H

NH3+

N

N

H

NH3+

Conformational
equilibrium
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N

N

NH3+
H

N

N NH3+

H

Conformational
equilibrium

Tautomeric
equilibrium

Tautomeric
equilibrium



BackBack toto thisthis exampleexample:: newnew molecularmolecular
descriptorsdescriptors::
BackBack toto thisthis exampleexample:: newnew molecularmolecular
descriptorsdescriptors::
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SES (Å2) SES+ (Å2) SES- (Å2)

≅ Σ ≅ Σ ≅ Σ



BackBack toto thisthis exampleexample:: newnew molecularmolecular
descriptorsdescriptors::
BackBack toto thisthis exampleexample:: newnew molecularmolecular
descriptorsdescriptors::

N

N

H

NH2

acid-base
equilibrium

N

N

H

NH3+
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VolumeVolume (Å(Å33)) 117117..00 119119..99
ASAASA (Å(Å22)) 304304..22 306306..66
ASA+ASA+ (Å(Å22)) 204204..55 263263..88
ASAASA-- (Å(Å22)) 9999..77 4242..88



y

BeyondBeyond thethe molecularmolecular surfacesurface::BeyondBeyond thethe molecularmolecular surfacesurface::
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x
0

z



y

MolecularMolecular FieldsFields:: aa possiblepossible molecularmolecular
language?language?
MolecularMolecular FieldsFields:: aa possiblepossible molecularmolecular
language?language?

Molecular probe

M
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2018/2019

x
0

z



y

Molecular Probe N+

3 kcal/mol
2 kcal/mol
1 kcal/mol

MolecularMolecular FieldsFields:: aa possiblepossible molecularmolecular
language?language?
MolecularMolecular FieldsFields:: aa possiblepossible molecularmolecular
language?language?
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x
0

z

1 kcal/mol



y

Molecular Probe O-

3 kcal/mol
2 kcal/mol
1.5 kcal/mol

MolecularMolecular FieldsFields:: aa possiblepossible molecularmolecular
language?language?
MolecularMolecular FieldsFields:: aa possiblepossible molecularmolecular
language?language?
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x
0

z

1.5 kcal/mol



y

MolecularMolecular FieldsFields:: aa newnew ageage viewview ofof
pharmacophoricpharmacophoric hypothesishypothesis ??
MolecularMolecular FieldsFields:: aa newnew ageage viewview ofof
pharmacophoricpharmacophoric hypothesishypothesis ??
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x
0

z



BeforeBefore movingmoving on,on, II needneed aa goodgood ideaidea…… howhow
cancan wewe evaluate/measureevaluate/measure thethe similaritysimilarity
betweenbetween thesethese twotwo objects?objects?

BeforeBefore movingmoving on,on, II needneed aa goodgood ideaidea…… howhow
cancan wewe evaluate/measureevaluate/measure thethe similaritysimilarity
betweenbetween thesethese twotwo objects?objects?
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Try to answer: when are they identical?



x

z
HowHow youyou cancan dodo it?it?HowHow youyou cancan dodo it?it?
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x

y

Find the roto-traslation that:
1. Minimize the difference of  volumes between A 

and B, and
2. Maximize the overlap between SAS+ and SAS-



phobicityphobicity

M
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WhatWhat isis aa plausibleplausible meaningmeaning ofof thesethese “white”“white”
regionsregions ??
WhatWhat isis aa plausibleplausible meaningmeaning ofof thesethese “white”“white”
regionsregions ??
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Vel < 0
Vel = 0
Vel > 0



andand thisthis isis understandable!understandable!

N
H

N

NH2

N
H

N

CH3

N
H

CH3 CH3

loglog PP == --00..2626 loglog PP == 00..9090 loglog PP == 22..1717 loglog PP == 22..9494
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CH3 CH3

loglog PP == --00..2626 loglog PP == 00..9090 loglog PP == 22..1717 loglog PP == 22..9494

loglog PP == 33..3131 loglog PP == 33..8484



InIn firstfirst approximationapproximation wewe cancan makemake thisthis
simplesimple assumptionassumption::

Regions of the molecular
surface in proximity to
bonds with low polarity
(∆EN ≅ 0) can mediate only

qC= -0.081

qH= 0.089

M
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(∆EN ≅ 0) can mediate only
weak interactions with our
charged probe!



BackBack toto ourour “white”“white” potentialpotential surfacesurface::

In organic chemistry, we have a family of
compounds characterized by bonds with ∆EN ≅ 0

HYDROCARBONS

M
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HYDROCARBONS

and they are surely                   and they are surely                   phobicsphobics!!!!!!



BackBack forfor aa momentmoment toto thethe realreal worldworld:: beyondbeyond
toto electrostaticelectrostatic interactioninteraction……

ChargeCharge--dipoledipole interactionsinteractions::ChargeCharge--dipoledipole interactionsinteractions::

µjθ

M
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θ
µ

θ cos),( 2 ⋅=
ij

ji

r

q
krV

iqi
rij



ChargeCharge--dipoledipole interactionsinteractions::ChargeCharge--dipoledipole interactionsinteractions::
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Formally,Formally, wewe cancan decomposedecompose thethe chargecharge--dipoledipole
interactioninteraction inin twotwo chargecharge--chargecharge interactionsinteractions……



dipoledipole--dipoledipole interactionsinteractionsdipoledipole--dipoledipole interactionsinteractions

µi µjr

θjθi

AndAnd eveneven worstworst::

M
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i

µjrij

( )jiji

ij

ji

r
krV θθθθ

µµ
θ sinsincoscos2),( 3 −⋅=



ionion--dipoledipole andand dipoledipole--dipoledipole interactionsinteractions areare
temperaturetemperature dependent!!!dependent!!!
ionion--dipoledipole andand dipoledipole--dipoledipole interactionsinteractions areare
temperaturetemperature dependent!!!dependent!!!

AndAnd eveneven eveneven worstworst::

22

21
)( jiq

krV
µ

−=chargecharge--dipoledipole interactionsinteractions::chargecharge--dipoledipole interactionsinteractions::
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4
2

3
)(

ijBTrk
krV −=

6

22

2

3

2
)(

ijB

ji

Trk
krV

µµ
−=dipoledipole--dipoledipole interactionsinteractions::dipoledipole--dipoledipole interactionsinteractions::

chargecharge--dipoledipole interactionsinteractions::chargecharge--dipoledipole interactionsinteractions::



no temperature, no time, no temperature, no time, no temperature, no time, no temperature, no time, 

rememberremember::

M
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no temperature, no time, no temperature, no time, 
…no dipoles interactions …no dipoles interactions 

honest computation!!!honest computation!!!

no temperature, no time, no temperature, no time, 
…no dipoles interactions …no dipoles interactions 

honest computation!!!honest computation!!!



The mystery of  The mystery of  ππ--π π interactions:interactions:

≅≅ 44..99 ÅÅ

≅≅ --22..55 kcal/molkcal/mol

≅≅ --11..55 kcal/molkcal/mol
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≅≅ --11..55 kcal/molkcal/mol



The mystery of  The mystery of  ππ--π π interactions:interactions:
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≅≅ --11..55 kcal/molkcal/mol

Not only electrostatic moves the Not only electrostatic moves the 
molecular world!!molecular world!!

Not only electrostatic moves the Not only electrostatic moves the 
molecular world!!molecular world!!



… … in primisin primis, ask to IUPAC!, ask to IUPAC!
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Yes, embarrassing!!!Yes, embarrassing!!!



… this is the only sentence that we salve!
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How we can address in the real world
about ?phobicityphobicity

here?here?

M
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o here?o here?



Phase 2 (water

OH

OH

OH

OH

OH

OH

OH

OH

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient 

[ ])2(
0

)2()2( ln phasephasephase CRT−= µµ

At the equilibrium:

)2()1( phasephase µµ =

[ ] [ ])2(
0

)2()1(
0

)1( lnln phasephasephasephase CRTCRT −=− µµ

[ ] [ ]00 lnln CRTCRT −=− µµ
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Phase 1 (organic)

[ ])1(
0

)1()1( ln phasephasephase CRT−= µµ

[ ] [ ])2()1(
0

)2(
0

)1( lnln phasephasephasephase CRTCRT −=− µµ

  
)2(

)1( P
C

C

phase

phase =











Partition coefficient Partition coefficient 












=−

)2(

)1(0
)2(

0
)1( ln

phase

phase
phasephase C

C
RTµµ



  
)(

)1(

2

P
C

C

OH

phase =











Partition coefficientPartition coefficient

We can define: We can define: ““hydrophobichydrophobic” a compound with P > 1;” a compound with P > 1;
““hydrophilichydrophilic” a compound with P < 1.” a compound with P < 1.

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient 
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  loglog
)(

)1(

2

P
C

C

OH

phase =












We can define: We can define: ““hydrophobichydrophobic” a compound with logP > 0;” a compound with logP > 0;
““hydrophilichydrophilic” a compound with logP < 0.” a compound with logP < 0.



from the van’t Hoff  isotherm:

Just a bit of  thermodynamics:Just a bit of  thermodynamics:

PRTG log303.2=∆
STHG ∆−∆=∆

M
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STHG ∆−∆=∆

R

S

RT

H
P

∆+∆−= 303.2303.2log



How we can choose the second phase:How we can choose the second phase:

OH n-octanol •“Similarity” with biological membrane;
•immiscible in water even if 27% of water
dissolves in it… so the first region of hydration
of the solute is preserved;
•UV transparent;
•Low vapor pressure.

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient 
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•Low vapor pressure.

cyclohexane

Immiscible in water and very low amount of
water dissolves in it… so also the first region
of hydration of the solute is lost.
The differences between the logP values in n-
octanol and cyclohexane is a measure of the
de-hydration energy of a solute.



How we can choose the second phase:How we can choose the second phase:

OH n-octanol •“Similarity” with biological membrane;

Do you see any similarity?Do you see any similarity?
…in addition to this?…in addition to this?

M
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From thermodynamics to molecule:From thermodynamics to molecule:
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The brilliant idea of  Corwin Hansch!The brilliant idea of  Corwin Hansch!



The fragments method of  
Hansch-Fujita.
(J. Am. Chem. Soc. 1964, 86,  5175)
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POMONA COLLEGE (Claremont, California)



The hydrophobic constant of  substituent, π

log P = 2.13
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log P = 1.48log P = 2.69 log P = 1.85log P = 2.99

πX = log PC6H5X – log PC6H6

πBr = 0.86 πCH3 = 0.56 πNO2 = -0.28 πOH = -0.67



Substituent π aromatic π aliphatic

F 0.14 -0.17

Cl 0.71 0.39

Br 0.86 0.60

I 1.12 1.00

OH -0.67 -1.16

OCH3 -0.02 -0.47

SCH3 0.61 0.45

The hydrophobic constant of  substituent, π
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CN -0.57 -0.84

COOH -0.28 -0.67

COOCH3 -0.01 -0.27

COCH3 -0.55 -0.71

NH2 -1.23 -1.19

N(CH3)2 -0.28 -0.85

NO2 -0.28 -0.85

CH3 0.56 0.50



Substituent π aromatic π aliphatic

F 0.14 -0.17

Cl 0.71 0.39

Br 0.86 0.60

I 1.12 1.00

OH -0.67 -1.16

OCH3 -0.02 -0.47

SCH3 0.61 0.45

The hydrophobic constant of  substituent, π
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CN -0.57 -0.84

COOH -0.28 -0.67

COOCH3 -0.01 -0.27

COCH3 -0.55 -0.71

NH2 -1.23 -1.19

N(CH3)2 -0.28 -0.85

NO2 -0.28 -0.85

CH3 0.56 0.50

Ref. benzene
log P = 2.13

Ref. cyclohexane
log P = 3.44



The additive rule: 

log P : 2.452.45

It works? Just check together:

IMPRESSIVE!!!!!IMPRESSIVE!!!!!
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lop PC6H6 =  2.13

log P calculated (ClogP):

2.412.41

πCH3 =  0.56

πNO2 = -0.28



NH2

Cl

OH

Cl

COOH

CH3 ……

The hydrophobic constant of  substituent, π
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Cl

log P 1.801.80

Clog P 1.611.61

Cl

log P 2.302.30

Clog P 2.142.14

log P 2.402.40

Clog P 2.382.38

…not too bad!!!…not too bad!!!



But not so good…

CH3CH3

NO2

CH3

NO2

log P 2.422.42 log P 2.302.30log P 2.452.45

The hydrophobic constant of  substituent, π

M
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lop PC6H6 =  2.13
log P calculated (ClogP):

2.412.41

πCH3 =  0.56

πNO2 = -0.28

NO2

NO2

??

log P 2.422.42 log P 2.302.30log P 2.452.45



again...

CH2

CH2

CH2

CH3

CH2

C
H

CH3

CH3 C
H CH2

CH3

CH3
CH3CH3

CH3

The hydrophobic constant of  substituent, π
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lop PC6H6 =  2.13
log P calculated (ClogP):

4.374.37

4 x πCH3 =  2.24

??

4.264.26 4.014.01 4.574.57 4.114.11



Corwin… we have a problem!Corwin… we have a problem!

HereHere isis howhow hehe fixedfixed thethe problemproblem…… asas anan engineerengineer
usuallyusually donedone introductionintroduction thethe magicmagic correctioncorrection
factorsfactors !!!!!!

HereHere isis howhow hehe fixedfixed thethe problemproblem…… asas anan engineerengineer
usuallyusually donedone introductionintroduction thethe magicmagic correctioncorrection
factorsfactors !!!!!!
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factorsfactors !!!!!!factorsfactors !!!!!!

Remember : a correction factor is any mathematical
adjustment made to a calculation to account for deviations in
either the sample or the method of measurement.



• Branched carbon chain (∆π = -0.20);
• Double bond (∆π = -0.30);
• Intra-molecular H-bond (∆π = 0.65);

The hydrophobic correction factors, ∆π

M
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• Intra-molecular H-bond (∆π = 0.65);
• Ring condensation (∆π = -0.20)
• …

Finally the log P calculated by Hansch-Fujita:

Clog P = log Pref + Σ πXi + Σ ∆π



Corwin… where is your problem?Corwin… where is your problem?

πH = 0 
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IsIs thisthis true?true?IsIs thisthis true?true?

ButBut howhow wewe cancan demonstratedemonstrate thisthis isis notnot true?true?ButBut howhow wewe cancan demonstratedemonstrate thisthis isis notnot true?true?



From Hansch’s From Hansch’s ππ to Rekker’s to Rekker’s ff……
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Rekker, R., The Hydrophobic Fragmental Constant, Elsevier, Amsterdam (1977)



From Hansch’s From Hansch’s ππ to Rekker’s to Rekker’s ff……

TheThe ideaidea::TheThe ideaidea::

fH = ½ logPH2 = ½  0.45 = 0.225
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Rekker, R., The Hydrophobic Fragmental Constant, Elsevier, Amsterdam (1977)

Clog Clog PP recalculated by recalculated by RekkerRekker::

Clog P = Σ aX fX + Σ ∆π



Substituent f Aliphatic f Aromatic

H 0.21 0.18

C 0.15

CH 0.24

CH2 0.53

CH3 0.70

C6H3 1.43

C6H4 1.69

C6H5 1.89

F -0.46 0.40

Cl 0.06 0.92

fCH2
fCH2

fCH2 fCH2

fCH3 fCH3

fO
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Br 0.27 1.13

I 0.59 1.45

O -1.51 -0.43

OH -1.27 -0.31

SH 0.00 0.62

CN -1.01 -0.21

COOH -0.95 -0.03

CONH2 -1.97 -1.11

NH2 -1.43 -0.85

NO2 -0.28 -0.85

Clog P : 2.2.0101

log P : 2.2.0202



Nowadays, are these methods reliable?Nowadays, are these methods reliable?

C
a

lc
u

la
te

d
 lo

g
 P

Training set referring 3600 log P values

… you decide!!!
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Experimental log P

C
a

lc
u

la
te

d
 lo

g
 

ClogPClogP…… aa wonderfullywonderfully preciousprecious molecularmolecular descriptor!descriptor!ClogPClogP…… aa wonderfullywonderfully preciousprecious molecularmolecular descriptor!descriptor!



BackBack toto ourour molecularmolecular surfacesurface::BackBack toto ourour molecularmolecular surfacesurface::

ππNHNH22
ππCHCH22

ππCHCH22

ππCHCHππNHNH

ππCHCH

ππN=N=
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ππ >> 00 ππ << 00

ππNHNH



ASA ASA ≅≅ 304 Å304 Å22

BackBack toto ourour molecularmolecular surfacesurface::BackBack toto ourour molecularmolecular surfacesurface::
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ππ >> 00 ASA_Hydrophobic ASA_Hydrophobic ≅≅ 160 Å160 Å22

ASA_Polar ASA_Polar ≅≅ 144 Å144 Å22

…… anotheranother interestinginteresting molecularmolecular descriptor!descriptor!…… anotheranother interestinginteresting molecularmolecular descriptor!descriptor!



Back to our molecular surface:Back to our molecular surface:
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AminoAmino acidsacids andand hydrophobicityhydrophobicity::
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Back to our molecular surface:Back to our molecular surface:
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π > 0
π < 0



A wonderful strategy to tune the residence time
of water molecules on the protein surface:
A wonderful strategy to tune the residence time
of water molecules on the protein surface:
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π > 0
π < 0



CH3 N
O

OCH3

CH3

+

ACh

N O
CH3

H

OMe

+
N O

CH3

OMe

- H+

+ H+71%

pH = 7.4

Arecoline
(pKa 7.8)

29%

logP=1.28

Don’tDon’t forgetforget thisthis oldold schemescheme::Don’tDon’t forgetforget thisthis oldold schemescheme::
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N O
CH3

H

OMe

+
N O

CH3

OMe

- H+

+ H+

BBB



Partition (logP) Partition (logP) vs.vs. distribution (logD):distribution (logD):

  
)()(

)1(

22

D
CC

C
ionized

OH
neutral

OH

phase =












+

We can define “We can define “distribution coefficientdistribution coefficient (D)”: (D)”: 

and consequently the logD: and consequently the logD: 
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and consequently the logD: and consequently the logD: 

( ) DCCC

D
CC

C

ionized
OH

neutral
OHphase

ionized
OH

neutral
OH

phase

logloglog

  loglog

)()()1(
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)1(

22
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for a monofor a mono--protic acid: protic acid: 

[ ]

Partition (logP) Partition (logP) vs.vs. distribution (logD):distribution (logD):
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[ ] DP apKpH log101loglog )( =+− −

and for a monoand for a mono--protic base:protic base:

[ ] DP pHpKa log101loglog )( =+− −



logP = 3.72logP = 3.72pKa = 4.4pKa = 4.4

O

OH
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N O
CH3

OMe
pKa = 7.8pKa = 7.8

logP = 1.28logP = 1.28



N

Cl

N O
O

OH

pKa = 3.5pKa = 3.5

logPlogP(zwitterione)(zwitterione) = = --0.330.33

CitirizineCitirizine

pKa = 6.2pKa = 6.2

pKa = 2.1pKa = 2.1
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CitirizineCitirizine
(Zirtec(Zirtec®)®)



AA shortshort summarysummary ofof usefuluseful molecularmolecular
descriptorsdescriptors describeddescribed untiluntil nownow::
AA shortshort summarysummary ofof usefuluseful molecularmolecular
descriptorsdescriptors describeddescribed untiluntil nownow::

SterimolSterimol
MolecularMolecular VolumeVolume
AccessibleAccessible SurfaceSurface AreaArea
AccessibleAccessible SurfaceSurface AreaArea –– NegativelyNegatively ChargedCharged
AccessibleAccessible SurfaceSurface AreaArea –– PositivelyPositively ChargedCharged

SterimolSterimol
MolecularMolecular VolumeVolume
AccessibleAccessible SurfaceSurface AreaArea
AccessibleAccessible SurfaceSurface AreaArea –– NegativelyNegatively ChargedCharged
AccessibleAccessible SurfaceSurface AreaArea –– PositivelyPositively ChargedCharged
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AccessibleAccessible SurfaceSurface AreaArea –– PositivelyPositively ChargedCharged
AccessibleAccessible SurfaceSurface AreaArea –– HydrophobicHydrophobic
AccessibleAccessible SurfaceSurface AreaArea –– PolarPolar

HydrophobicHydrophobic substituentsubstituent parameterparameter ((ππ))
ClogPClogP
ClogDClogD plotplot

AccessibleAccessible SurfaceSurface AreaArea –– PositivelyPositively ChargedCharged
AccessibleAccessible SurfaceSurface AreaArea –– HydrophobicHydrophobic
AccessibleAccessible SurfaceSurface AreaArea –– PolarPolar

HydrophobicHydrophobic substituentsubstituent parameterparameter ((ππ))
ClogPClogP
ClogDClogD plotplot



15

20

25

fr
e

q
u

e
n

cy
 %

ClogPClogP…… thethe largelylargely usedused molecularmolecular
descriptordescriptor togethertogether withwith MWMW::
ClogPClogP…… thethe largelylargely usedused molecularmolecular
descriptordescriptor togethertogether withwith MWMW::

Plot of frequency of
occurrence against molecular
weight (MW) for 594 marketed
oral drugs:
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Poor absorption or permeation, if  ...
• Number of  H-bond donors > 5 (OH & NH)
• Number of  H-bond acceptors > 10 (O & N)
• Molecular weight > 500

Lipinski’s ”Rule of  Five”Lipinski’s ”Rule of  Five”
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• Molecular weight > 500
• log P > 5

Lipinski et al., Adv. Drug Deliv. 23 (1997) 3.

N.B. Like all rules they are there to be broken and a number of exceptions exist. I have personally
worked on a couple of well-absorbed drugs which broke this rule but as a general guide it works well.
Remember that you may have charge in your molecule so that LogD(7.4) or LogD(5.5) is really the
important parameter rather than Log P. Keeping LogD(7.4) around 2 seem generally good advice.
Manipulating the pKa can be a way of improving a molecule.



Focused libraries: filtering approach

Lipinski rules and/or drugLipinski rules and/or drug--likeness properties funnellikeness properties funnel

ClogP < 5ClogP < 5

MW < 500MW < 500

0 ≤ HBD ≤ 20 ≤ HBD ≤ 2

2 ≤2 ≤ HBA ≤ 9HBA ≤ 9

…

…

…

…

Maximal DiverseMaximal Diverse
LibraryLibrary

M
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2018/2019

MW < 500MW < 500

HBD < 5HBD < 5

HBA < 10HBA < 10

2 ≤2 ≤ HBA ≤ 9HBA ≤ 9

2 ≤2 ≤ RTB ≤ 8RTB ≤ 8

1 < RNG ≤ 41 < RNG ≤ 4
Oprea TI. Property distribution of drug-related chemical 
databases.
J Comput Aided Mol Des 2000 Mar;14(3):251-64

Lipinski et al.  Adv. Drug Deliv. Rev., 23 (1997) 3

Focused LibraryFocused Library



ButBut rememberremember:: logPlogP needsneeds toto bebe optimized!!!optimized!!!ButBut rememberremember:: logPlogP needsneeds toto bebe optimized!!!optimized!!!
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logP
Binding to 
enzyme / 
receptor

Aqueous 
solubility

Binding to 
P450 
metabolising 
enzymes

Absorption 
through 
membrane

Binding to 
blood / tissue 
proteins –
less drug free 
to act

Binding to 
hERG heart 
ion channel  -
cardiotoxicity 
risk



-3

-2

-4

Studies have found: (bear in mind these
may not apply to your class of chemicals)
Optimum CNS penetration around logP = 2
+/- 0.7 (Hansch)
Optimum Oral absorption around logP =
1.8
Optimum Intestinal absorption logP =1.35
Optimum Colonic absorption logP = 1.32

Optimum  logPOptimum  logP (( o ClogP!!)…
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-2 -1 0 1 432 5

-5

-4

log Px

Optimum Sub lingual absorption logP = 1-5
Optimum Percutaneous logP = 2.6 (& low
mw)

Formulation and dosing forms:
Low Log P (below 0) Injectable
Medium (0-3) Oral
High (3-4) Transdermal
Very High (4-7) Toxic build up in fatty
tissues



-3

-2

-4

Drug Clearance and Toxicity

Increasing LogD(7.4) above 0 will decrease
renal clearance and increase metabolic
clearance.

High LogD(7.4) compounds will tend to be
metabolised by P450 enzymes in the liver.

A high degree of ionization keeps drugs out
of cells and decreases systemic toxicity.
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-2 -1 0 1 432 5

-5

log Px

of cells and decreases systemic toxicity.
pKa in range 6 to 8 is advantageous for
membrane penetration.

Drugs should be designed with the lowest
possible logP, to reduce toxicity, non-specific
binding, increase ease of formulation and
bioavailability. Drugs should also be as low
mw as possible to lower the risk of allergic
reactions. (See principle of minimum
hydrophobicity)



“Progettazione e Sviluppo
di un Farmaco”
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Stefano Moro

Chimica e Tecnologia 
Farmaceutiche



ee quindiquindi ii campicampi molecolarimolecolari comecome unauna nuovanuova
collezionecollezione didi descrittoridescrittori molecolarimolecolari::
ee quindiquindi ii campicampi molecolarimolecolari comecome unauna nuovanuova

collezionecollezione didi descrittoridescrittori molecolarimolecolari::

y

loglog11/[D/[D ]] == ff
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x
0

z

loglog11/[D/[Deffeff]] == ff



CoMFACoMFA (Comparative(Comparative MolecularMolecular FieldsFields
Analisys)Analisys):: unun interessanteinteressante strumentostrumento QSARQSAR……
dada maneggiaremaneggiare concon cautela!cautela!

CoMFACoMFA (Comparative(Comparative MolecularMolecular FieldsFields
Analisys)Analisys):: unun interessanteinteressante strumentostrumento QSARQSAR……
dada maneggiaremaneggiare concon cautela!cautela!

y
1. I campi molecolari sono

conformazione
dipendenti;

2. I campi molecolari sono
descrittori 3D esterni,
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x
0

z

descrittori 3D esterni,
quindi per una
comparazione è
necessario pre-allineare
le strutture molecolari;

3. i campi molecolari sono
costituiti da migliaia di
valori di potenziale di
campo



quelquel belbel ragazzoragazzo didi HammettHammett…… ee lele suesue
σσ

Louis Plack Hammett (Louis Plack Hammett (April 7, 1894 April 7, 1894 —— February 9, 1987February 9, 1987 ))

1940
Physical Organic Chemistry.

M
M S Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – PSF – 2018/2019

Physical Organic Chemistry.
New York; McGraw-Hill.



DagliDagli arboriarbori delladella chimicachimica fisicafisica organicaorganica…… adad unauna
interessanteinteressante applicazioneapplicazione inin chimicachimica farmaceuticafarmaceutica..
DagliDagli arboriarbori delladella chimicachimica fisicafisica organicaorganica…… adad unauna
interessanteinteressante applicazioneapplicazione inin chimicachimica farmaceuticafarmaceutica..

OHO

NO2

+  H2O

O O

NO2

+  H3O
+

H2O

25°C
Ka = 32.1 x 10-5 ; pKa = 3.49 

OHO

OHO

+  H2O

O O

+  H3O
+

H2O

25°C
Ka = 6.27 x 10-5 ; pKa = 4.20 
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OHO

NO2

+  H2O

O O

NO2

+  H3O
+

H2O

25°C
Ka = 37.0 x 10-5 ; pKa = 3.42 

OHO

OMe

+  H2O

O O

OMe

+  H3O
+

H2O

25°C
Ka = 3.31 x 10-5 ; pKa = 4.48 

L.P. Hammett,The Effect of Structure upon the Reactions of Organic Compounds. Benzene Derivatives. J. Am. Chem. Soc. 1937, 59, 96-103 .



Effetto elettronico del sostituente e costante Effetto elettronico del sostituente e costante σσ::

)()( 4656 COOHHXCpKaCOOHHCpKaX −=σ

)( COOHHXCKa

Sostituente X pKa 
(XC6H4COOH)

σx

H 4.20 0

m-OCH3 4.09 0.11

m-F 3.86 0.34

pKa per alcuni acidi benzoici sostituiti (H2O, 25°C)
e corrispondenti valori di σ dei sostituenti.
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)(
)(

log
56

46

COOHHCKa
COOHHXCKa

x =σ
m-F 3.86 0.34

m-NO2 3.49 0.71

p-NO2 3.42 0.78

p-CH3 4.37 -0.17

p-OCH3 4.48 -0.28



Sostituente σm σp

NO2 0.71 0.78

CN 0.61 0.70

CF3 0.43 0.54

CH3COO 0.39 0.31

Br 0.39 0.23

CH3CO 0.38 0.48

CO2C2H5 0.37 0.45

Cl 0.37 0.22

CHO 0.36 0.44

CO2H 0.35 0.44

I 0.35 0.28

F 0.34 0.06

C≡CH 0.20 0.23

Teoria dell’effetto dei sostituentiTeoria dell’effetto dei sostituenti

Effetto di risonanza (π-p o π-π):
+R donazione elettronica verso il centro di reazione

(-OCH3, -OH, -NR2)

-R richiamo elettronico centro di reazione
(-NO2, -CN, -COCH3)

orto, para > meta
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C≡CH 0.20 0.23

SCH3 0.15 ≈ 0

OH 0.13 -0.38

OCH3 0.11 -0.28

C6H5 0.05 ≈ 0

H 0 0

CH3 -0.06 -0.17

C2H5 -0.07 -0.15

CH(CH3)2 -0.07 -0.15

C(CH3)3 -0.10 -0.20

N(CH3)2 -0.15 -0.63

NH2 -0.16 -0.57

orto, para > meta

Effetto induttivo 
(polarizzazione ed effetto di campo)

+I donazione elettronica verso il centro di reazione

-I richiamo elettronico centro di reazione

orto > meta >para



-0.194

-0.165

-0.155

-0.158

Effetto induttivo 
(polarizzazione ed effetto di campo)

F

qCF3
= 

+0.421

qCH3
= -0.211
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Effetto di polarizzazione 

Effetto di campo

δ-

δ+

δ+



σp

mama sigmasigma ((σσ)) èè davverodavvero unauna proprietàproprietà
invarianteinvariante deldel sostituente?sostituente?
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σp

??



XC6H4CH2CH2COOH
ρ=0.21

p-CH3O

p-Cl
m-Cl

p-NO2

Applicazione della costante Applicazione della costante σσ: dissociazione di acidi : dissociazione di acidi omoomo--benzoicibenzoici

CH2COOH

+  H2O

CH2COO

+  H3O
+

H2O

25°C

X X

-

CH2CH2COOH

+  H O

CH2CH2COO

+  H O+
H2O

-

XC6H4CH2COOH
ρ=0.49

m-NO2

p-I
m-I

lo
g

 K
a

(X
C

6
H

4
(C

H
2
) n

C
O

O
H

)

-4.00

-4.25

-4.50

Hammett-plot
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p-CH3O

p-CH3
m-CH3O+  H2O +  H3O

+

25°C

X X

Ka(C6H5CH2COOH)

Ka(XC6H4CH2COOH)
log log=   ρ

Ka(C6H5COOH)

Ka(XC6H4COOH)

σX
Ka(C6H5CH2COOH)

Ka(XC6H4CH2COOH)
log =   ρ

log Ka(XC6H4COOH)

lo
g

 K
a

(X
C

-4.75
-4.4 -4.2 -4.0 -3.8 -3.6 -3.4



Effetto elettronico del sostituente e costante Effetto elettronico del sostituente e costante σσ::

)(
)(

log
56

46

COOHHCKa
COOHHXCKa

x =σ

Ma Hammett, di quale effetto elettronico stava 
disquisendo mentre definiva la sua costante σ?
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OHO

R

σp = σI + σR

OHO

R

σm = σI + ασR



Effetto elettronico del sostituente e costante Effetto elettronico del sostituente e costante σσ::

Ma è vera risonanza quella pesata dalla costante σ di 
Hammett?

OHO

σp = σI + σR

OHO

σm = σI + ασR
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R

σp = σI + σR

R

σm = σI + ασR

OO

R

OO

R



VirtualizzazioneVirtualizzazione deldel calcolocalcolo delledelle costanticostanti didi
dissociazionedissociazione acidoacido--basebase::

OHO

C log Ka = log Karif + Σ σRi

Regola dell’additività:
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R2R1

Regola della costitutività:

C log Ka = log Karif + Σ σRi + Σ ∆σRi



Inibizione Sterica della Risonanza

OH

CH3CH3

NO2

OH

NO2

CH3CH3

pKa = 7.16 pKa = 8.24
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pKa = 7.16 pKa = 8.24

∠ 28.5º



F Fex

extra

solubilità

ri
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A
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Farmacocinetica e logPFarmacocinetica e logP (( o ClogP!!)
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intra

Fin

ri
p

a
rt

iz
io

n
e

log P

Modelli matematici: 

lineare: log  [Ai] = a log P + c

parabolica: log  [Ai] = -a (log P)2 + b log P + c

bilineare: log  [Ai] = a log P - b log (βP +1)+ c



F Fex

extra

solubilità
Per composti liquidi immiscibili in acqua: 

logPlogP (( o ClogP!!) e… solubilità!

la solubilità in acqua è
direttamente correlata al log P.

Per composti solidi : 
la solubilità in acqua dipende
anche dall’energia richiesta per
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intra

log P = -0.89 (log S) -0.015 MP + 6.5log P = -0.89 (log S) -0.015 MP + 6.5
dove “S” è la solubilità in acqua espressa in µmoli/lt ed “MP” è il punto di fusione
del composto solido. Di conseguenza, ci possono essere composti con più alti
valori di logP che sono comunque più solubili in virtù del loro basso punto di
fusione e viceversa. Così come, il medisimo composto (con il medesimo log P)
può avere solubilità diverse in funzione di un diverso stato di aggregazione in
fase solida (amorfo vs cristallino, polimorfismi….).

Bannerjee, Yalkowsky and Valvoni (1980) Envir.Sci.Tech,14,1227 

anche dall’energia richiesta per
disgregare la struttura cristallina
o amorfa.


